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Health disparities by neighborhoods in the US continue to exist. Investigation of 
immunological biomarkers may elucidate the link between the neighborhood environment and 
health through biological mechanisms. Living in low socially cohesive neighborhoods has been 
associated with adverse health outcomes and poor mental health. Yet how neighborhood social 
cohesion relates to immunological health has been sparsely explored. The objectives of this study 
were to determine if neighborhood social cohesion was associated with immunological 
biomarkers and to identify potential modifiers. This was addressed through a secondary analysis 
using a cohort from Detroit, Michigan to examine: 1) the association between social cohesion 
and four immunological biomarkers and 2) whether these associations could be modified by 
exposure to traumatic events and access to psychosocial resources. 
Neighborhood social cohesion was differentially associated with inflammation and cell-
mediated immunity in adults. Individuals reporting low social cohesion had significantly poorer 
cell-mediated immunity compared to high social cohesion. However, inflammation was lower 
among those reporting less social cohesion as oppose to high social cohesion. A one-year change 
in immunological biomarkers was greatest among individuals living in medium social cohesion 
neighborhoods. Less exposure to traumatic events and higher access to psychosocial resources 
may also buffer the effects of neighborhood social cohesion on immunological biomarkers. In 
 
iv 
low socially cohesive neighborhoods, individuals with high access to psychosocial resources and 
less exposure to traumatic events had lower inflammation and better cell-mediated immunity 
compared to those with low access to psychosocial resources and higher exposure to trauma.  
While neighborhood social cohesion has been linked to various health outcomes, our 
findings suggest a biological mechanism underlying these associations. Immunological 
differences by social cohesion may be one pathway through which neighborhood connections or 
networks may buffer the influence of stressors on health. However, future research should also 
consider the potential role of individual resources and experiences as protective factors for cell-
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CHAPTER 1: SPECIFIC AIMS 
1.1 Rationale 
The overall goal of the research is to investigate the influence of neighborhood social 
cohesion, on cell-mediated immune function and inflammation, modified by trauma and 
psychosocial resources, among urban adult residents living in Detroit, Michigan (MI) during the 
Great Recession.  
Immune function is a key biological parameter of overall health, and studies concerning 
the impact of social exposures on immunity is a relatively novel area in epidemiology. Poor 
immune function, or immune dysfunction, is defined as the body’s inability to regulate the 
immune system efficiently, and can be characterized by chronic inflammation, persistent 
activation of chronic infections, impaired cellular immunity, or autoimmune disease. Health 
outcomes related to immune dysfunctions include, but are not limited to, chronic fatigue,1 
cognitive decline,2 infectious disease,3 cardiovascular disease (CVD), and CVD-related 
mortality.4,5 In the United States (US), differences in immune function have been observed by 
socioeconomic status, highest educational level attained, income, race/ethnicity, and age; 
however, the causes for these differences are not widely understood.6-9 While the reasons maybe 
multifaceted, we contend that the social environment plays a significant role in creating 
immunological differences among populations and should be investigated to understand how the 
social environment is biologically embedded into our bodies and influences health outcomes.  
Immunological differences can occur as a result of individual factors such as age, genetic 
disposition, adverse health behavior, poor diet, or environmental exposures.3,10-12 More recently, 
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research has demonstrated that social processes and relationships, which are tied to our social 
environment, can also influence immunity. For example, psychosocial stress, perceived 
discrimination, personal relationships, and traumatic life events have been shown to suppress 
immunity, promote immunosenescence (immune aging), heighten pro-inflammatory cytokine 
levels, or impair biological responses to infections; rending individuals more susceptible to 
disease.12-26 Yet, what remains to be explored is whether the social environment in which we 
live, such as our neighborhoods, can either directly or indirectly impact immunity. Identifying 
key neighborhood factors of the social environment that predict immunological differences can 
help deepen our understanding of a biological mechanism in which the neighborhood social 
environment impacts health outcomes.  
Neighborhood social cohesion is a characteristic of the social environment that is 
commonly associated with a wide array of health outcomes from mental and physical health to 
health behaviors. Low levels of neighborhood social cohesion may lead to more sexual 
transmitted infections, depression, cardiovascular disease, stroke, insomnia, and smoking or 
alcohol use.27-37 One hypothesis is that lower levels of neighborhood social cohesion can be 
detrimental to health by creating stressful or less supportive environments with increased 
violence, weak social connectivity, and less networks to foster the sense of belonging within a 
community.38-43 Despite these data, there is sparse evidence to support a biological pathway  
connecting neighborhood social cohesion and health. Few cross-sectional studies and one 
longitudinal study have investigated the association between neighborhood social cohesion and 
inflammatory biomarkers, but findings were inconsistent.44-47 For this reason, more population-
based studies are needed to enhance our understanding of the biological effects of neighborhood 
social cohesion on health and establish a biological link between social cohesion and immunity. 
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Moreover, stressors such as low socioeconomic status (SES) or lack of resources, may modify 
how individuals respond to their neighborhood environment;48 yet, only one study has 
investigated possible moderating factors in the association between neighborhood social 
cohesion and inflammation but was conducted among adolescents only.47 Research on 
moderating pathways is lacking and warrants further investigation to help identify modifiable 
risk factors associated with neighborhood social cohesion and immunity or inflammation.  
We hypothesize that individuals living in neighborhoods with low or medium levels of 
social cohesion have worse immune function (i.e. higher levels of inflammation or antibodies 
against herpesviruses) compared to those living in high social cohesion neighborhoods. We also 
hypothesize that this association is modified by individual-level exposure to traumatic events and 
access to psychosocial resources, independently. We propose to use data from the Detroit 
Neighborhood Health Study (DNHS), a 5-year population-based cohort study of 2081 adults 
living in Detroit, MI during 2008–2012, to conduct a secondary analysis that will address the 
following aims:  
1.2 Specific aims 
1.2.1 Specific aim 1 
Aim 1: To examine the effects of neighborhood social cohesion on cell-mediated 
immune function (measured by antibody levels against two herpesviruses: HSV-1 and 
CMV) and inflammation (IL-6 and CRP) at baseline and one-year change, while 
controlling for individual-level confounding factors. Hypothesis 1: Low or medium levels of 
neighborhood social cohesion is associated with higher levels of antibody against herpesviruses 
and inflammation compared to high level of neighborhood social cohesion at baseline. 
Hypothesis 2: One-year change (from 2008 to 2009) in levels of antibodies against herpesviruses 
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and inflammation is greater among those living in neighborhoods with low or medium level of 
neighborhood social cohesion compared to high neighborhood social cohesion.  
1.2.2 Specific aim 2 
Aim 2: To determine whether the association between neighborhood social cohesion 
and cell-mediated immune function and inflammation (as described above) is modified by 
the individual-level exposure to trauma and access to psychosocial resources at baseline, 
independently. Hypothesis 1: Individuals with low level exposure to trauma (<8 traumatic 
lifetime events) have lower baseline levels of antibody against herpesviruses and inflammation 
compared to high level exposure to trauma (≥8 traumatic lifetime events). Hypothesis 2: High 
level access to psychosocial resources buffers the effects of neighborhood social cohesion on 
baseline levels of antibody against herpesviruses and inflammation compared to low level access 
to psychosocial resources.  
1.3 Public health implications 
Using the DNHS we have an unprecedented opportunity to enrich the growing body of 
literature on neighborhood and health by exploring several biomarkers of immunity (specifically 
antibodies and inflammation levels) and modifying factors to further elucidate the link between 
neighborhood social cohesion and biological biomarkers. The biological biomarkers in our study 
may also serve as precursor of disease outcomes and provide information on potentially alterable 
targets to prevent poor health. Ultimately, by identifying novel biological mechanisms through 
which neighborhood social cohesion may impact health, the results of this study may help bridge 
the present knowledge gap in order to better understand the relationship between the 
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Supporting Figure 1b. Conceptual framework of the hypothesized association perceived 
neighborhood social cohesion to immunological and inflammatory biomarkers modified by 
lifetime exposure to trauma and access to psychosocial resources (Aim 2) 
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CHAPTER 2: BACKGROUND AND SIGNIFICANCE 
2.1 Background  
2.1.1 Immune function  
A fully functional immune system is vital for the protection against pathogens and 
maintenance of a healthy homeostatic balance.49 Elements of the immune system can be found in 
almost every cell tissue and organ throughout the human body.50 Its existence is pivotal to human 
health, functioning to detect microbes, assess cellular integrity, and regulate cellular responses.50 
For these reasons, any dysfunctionality of the immune system can have profound ramifications 
on health,50 such as diminishing the host defense against infectious agents, altering the status of 
tissues and organs under immune surveillance, and disrupting homeostatic regulation; ultimately 
causes malfunction and chronic disease over time.50 Some chronic diseases or conditions caused 
by immune dysfunction include asthma, type-1 diabetes, systemic lupus erythematosus, and 
atherosclerosis.50 In some developed countries, nearly a quarter of all children have at least one 
immune-dysfunction-based chronic disease, and that number is expected to rise into adulthood.50   
The immune system is complex and highly interrelated, with numerous components 
working simultaneously to prevent the manifestation of disease. As a consequence of its 
multifaceted nature, immune dysfunction can result in several alterations that are detrimental to 
health.50 Fortunately, with advanced immunological techniques, researchers have identified five 
key immune alternations involved in immune dysfunction: 51 1. Immunostimulation, 2. 
Immunosuppression, 3. Immunosenescence, 4. Hypersensitivity, and 5. Autoimmunity.50 




epidemiology, is defined as a nonspecific or upregulation of the immune response that induces 
prolonged and/or misdirected inflammation and influences the development of some chronic 
diseases (see Supporting Table 1) and cancers (see Supporting Table 2).50 Particularly, the 
overproduction of pro-inflammatory cytokines (signaling molecules that promote inflammation), 
such as interleukin-6 (IL-6) and C-reactive protein (CRP), has been recognized as a key process 
in the development of various chronic diseases.14,52,53 Immunosuppression, also linked to adverse 
health outcomes, is defined as an attenuated immunological response or lack of cellular 
surveillance, which can lead to increased vulnerability to infection and malignancy.50 Prior 
studies, measuring immunoglobulin G (IgG) antibody levels of herpesviruses as surrogate maker 
of immunosuppression or impaired immune control, found that higher levels of circulating 
cytomegalovirus (CMV) antibodies were associated with cognitive decline, cardiovascular 
disease, immunological aging, and all-cause mortality.2,4,5,51 In effect, a fully functional immune 
system has an essential role of not only responding to foreign entities, but also controlling the 
expression and/or reactivation of latent infections, such as herpesviruses. However, when the 
immune response is impaired or suppressed, dormant herpesviruses can be reactivated, causing 
severe and transmissible infection.14 Researchers have also gained fundamental insights into the 
general immune processes of immunosenescence (immune aging), hypersensitivity (excessive or 
abnormal immune response), and autoimmunity (misdirected immune response), and their 
impact on diseases.54,55   
2.1.1.a Immune function and the environment  
In addition to biological factors that play a role in the development of immune 
dysfunction, evidence suggest that environmental factors, such as chemicals, microbes, diet, and 




term health effects.50,56 Studies found that prolonged exposure to psychosocial stressors such as 
financial crises, interpersonal instability, trauma, job loss, or other adverse life events, can incite 
immunological changes and induce chronic inflammation57 – a precursor to CVD and other 
chronic diseases.58 It has been postulated that this occurs via the psychosocial-stress pathway. 
Specifically, exposure to psychosocial stressors can influence the immune function by activating 
neurological responses in the brain and nervous system–such as the hypothalamic-pituitary-
adrenal axis (HPA), sympathetic-adrenal-medullary (SAM) axis, and sympathetic nervous 
system (SNS)–then interacting with the immune system to respond to the stressors by releasing 
pro-inflammatory cytokines, heightening responsiveness to stressors, or attenuating the immune 
response.14,59,60 Attenuated immune response has been demonstrated among individuals with 
latent herpesvirus infection and vaccinees after exposure to psychosocial stressors. Frequent 
reactivation of the herpesvirus from latency has been reported among infected individuals 
following exposure to stressful events.14,61-64 This is concerning because the reactivation of latent 
herpesviruses infection (an indicator of depressed T-cell immune function)65 can result in 
symptomatic disease, the transmission of the herpesvirus, increased susceptibility to new 
infections due to an attenuated cell-mediated immune response, and chronic disease or immune 
decline over time.9,65 Among vaccinees, an attenuated antibody response has been found when 
vaccination occurs while under stress.62-64 Despite the moderate amount of research conducted to 
examine the effects of psychosocial stressors on the immune system, the vast majority of these 
studies have focused on individual-level factors. Studies investigating macro-level psychosocial 
stressors (i.e. stressors operating at the neighborhood level) and its association with 
immunological responses is sparse and warrants concern given the growing neighborhood health 




2.1.2 Neighborhood environment and health  
Our understanding of neighborhood and health research has increased in part to the rising 
awareness that the neighborhood environment, and all of its dimensions (both physical and 
social), is a key determinant of health.67 It has been hypothesized that a stressful neighborhood 
environment may prompt adverse behavioral change, as a coping mechanism to reduce stress, 
and negatively affect health.67 Neighborhoods with high crime, social or physical disorder, and 
deprivation suffer from higher risk of preterm births, drug use, sexually transmitted infections, 
and depression.28,68-70 Moreover, high poverty neighborhoods have lower life-expectancy and 
higher mortality rates.71,72 On the contrary, neighborhoods with positive attributes, characterized 
by walkability or large green spaces, have been associated with increased physical activity, lower 
body mass index (BMI), and reduced risk of diseases such as obesity, diabetes, hypertension and 
CVD.73-81 While there is convincing evidence to suggest that the neighborhood environment can 
shape our health and behavior, few studies have focused on the underlying biological 
mechanisms through which this may occur. A better understanding of the “neighborhood 
embodiment” and its effects on health can be achieved through more population-based studies 
investigating neighborhood factors and immunological biomarkers. Subsequently, researchers 
will be able to obtain the knowledge necessary to uncover key roles played by the immune 
system in the etiology of neighborhood health disparities.  
2.1.2.a Neighborhood embodiment models  
The Transactional Model of Stress and Coping82 and the Biopsychosocial Model 83 are 
two proposed models hypothesizing different mechanisms through which the “neighborhood 
embodiment” occurs and impacts health. The Transactional Model of Stress and Coping 




psychological factors, coping processes, behaviors, and availability of social support.84,85 While 
the Biopsychosocial Model 83 underscores the importance of mediating and moderating pathways 
(i.e. psychological, behavioral and physiological factors) linking neighborhood factors and 
health.47 Together, these two models provide a foundation through which we can conceptualize 
and explore the complex relationships between neighborhood and health.47  
2.1.2.b Neighborhood environment and immune function   
Recent efforts have been made to uncover biological mechanisms linking neighborhood 
and health. However, the majority of these studies have used non-specific biomarkers of 
inflammation and the cardiovascular system. For instance, neighborhood violence and low social 
support have been associated with cortisol circadian rhythm and diurnal cortisol patterns, 
respectively.44,45 Other studies have found that neighborhood-level SES was inversely associated 
with IL-6 and CRP levels and atypical cortisol response.47,86-90 Nazmi et al. observed that 
individuals living in neighborhoods with high deprivation experienced an increase in IL-6 levels 
over a 3–4 year period.46 Taken together, these studies provide preliminary evidence to support 
the hypothesis that neighborhood-level psychosocial stressors can bring forth biological 
responses that can impact health. Yet, these data only include biological markers of 
cardiovascular responses and non-specific markers of inflammation. Inclusion of other biological 
markers are needed to fully understand the relationship between neighborhood and health, 
especially for neighborhood-level psychosocial stressors.  
Other biological markers that have been previously studied in association with 
psychosocial stressors are immunological biomarkers, but only one study to our knowledge has 
included neighborhood-level psychosocial stressors. Aiello et al. found that low SES, measured 




(measured by cellular changes in the T-cell composition); suggesting that premature cellular 
aging and immune dysfunctionality occur more often among individuals exposed to 
socioeconomic disadvantages.51 Likewise, other studies examining individual-level SES 
confirmed associations with immunological responses measured by herpesvirus and leukocyte 
telomere length.8,61,91 The one study investigating neighborhood-level psychosocial factors found 
that high neighborhood social cohesion was associated with increased thymic function (a 
biological indicator of good immunological health).92 To further elucidate the link between 
neighborhood environment and immunity, it is important that investigators move beyond the 
commonly measured biomarkers of cardiovascular and inflammation, and extend research to 
include specific immunological biomarkers. Some immunological biomarkers to consider for 
future investigations include thymic function, T-cell composition, antibody response to 
herpesviruses, and telomere length.  
2.1.2.c Perceived neighborhood social cohesion  
The perception of neighborhood social cohesion, defined as the presence of strong social 
bonds, trust, shared values, and interdependencies among neighbors, has been shown to protect 
against a wide range of health outcomes.29,30,32-34,36-38,93-99 Evidence suggest that one’s perception 
of their neighborhood is a strong determinant of both mental and physical health,69,100-102 and 
may explain one way in which the neighborhood social environment is embodied to “get under 
the skin” and elicit a behavioral or biological response. Individuals living in highly cohesive 
neighborhoods have reported healthier behaviors and good overall health.103 However, those 
living in less cohesive neighborhoods were more likely to engage in adverse health behaviors, 
such as smoking and alcohol consumption.104,105 Other studies have found that low social 




low social cohesion, were associated with elevated mortality risk indicated by chronic 
inflammation.92 While there is a growing interest in investigating neighborhood social cohesion 
and its implication on population health,106 more research incorporating biological biomarkers is 
needed.  
2.1.3 Trauma  
2.1.3.a Trauma, neighborhood social cohesion, and immunological biomarkers  
Neighborhood social cohesion can be influenced by the neighborhood composition and 
individual characteristics. For instance, high level of exposure to traumatic events can erode 
social trust and interaction within a community; hence, reducing neighborhood social 
cohesion.107 It has also been demonstrated that individuals who experience many traumatic 
lifetime events have poor immunological profiles, such as unfavorable T-cell differentiation 
(immune deregulation) and elevated inflammation levels.108,109 We content that exposure to 
trauma may be a potential modifying factor in the relationship between neighborhood social 
cohesion and immunological response and therefore should be explored. 
2.1.4 Psychosocial resources   
2.1.4.a Psychosocial resources, neighborhood social cohesion, and immunological 
biomarkers 
 
Access to psychosocial resources (coping, self-esteem, and sense of coherence) has been 
linked to inflammation markers (IL-6 and CRP) and the quality of neighborhood.110-112 
Psychosocial resources may be another potential modifiable factors in the association between 
neighborhood social cohesion and immunological biomarkers, such that inclusion of this 
modifiers in future investigations will help broaden our understanding of biological changes that 




2.1.5 The Great Recession  
The Great Recession in the US occurred during 2007–2009 and was a nationwide 
financial crisis that resulted in massive job loss, fewer employment growth, and steep declines in 
housing and equity values.113,114 This widespread economic downturn had a profound impact on 
home foreclosures and led to the abandonment of homes, urban blight, and massive economic 
stress.115 This was particularly true in cities that were facing economic woes before the start of 
the Great Recession. Detroit, MI, once a bustling city at the center of the automobile industry, 
was particularly vulnerable to the financial crisis given decades of steady decline in 
manufacturing jobs and a waning population in the city before the Great Recession.116,117 One 
study found that during the peak of the Great Recession in 2008–2009, an increase in abandoned 
home was associated with accelerated immune aging, particularly among those hardest hit by the 
economic decline, in Detroit.92 Following the Great Recession, evidence emerged regarding 
major changes to the physical environment of neighborhoods (e.g. vacant houses, dilapidated 
buildings and streets), as well as declining physical and mental health and increasing substance 
abuse in affected neighborhoods.118-125 This was further exacerbated by urban blight, which can 
disrupt community ties, weaken social cohesion, and increase distrust and crime in 
neighborhoods.115,126 It should be noted that the Great Recession was an unprecedented event 
that impacted millions of Americans, and for this reason it is vital for researchers to fully 
understand and consider this context when drawing interferences from ‘neighborhood and 
health’ studies during this time period.  
2.2 Significance 
Research-based evidence reveal widening health disparities by geographical locations 
and neighborhoods in the US, warranting more investigations on neighborhood and health, 




evidence validating potential biological mechanisms to help explain how the neighborhood 
environment directly impacts health outcomes is problematic, and more information is needed to 
develop effective interventions. Our research addressed a critical gap in the literature by 
investigating salient biomarkers of health, beyond the commonly measured biomarkers of 
cardiovascular disease, and their association with the neighborhood social environment. Indeed, 
our research may help expand and solidify our understanding of the neighborhood social 
environments and its influence on health via immunological pathways. Moreover, using a 
comprehensive approach, we aimed to identify modifiable risk factors that may contribute to 
poor immunological responses in specific neighborhood social environments. This may help 
guide the development of targeted interventions and public health strategies.  
Using data drawn from a population-based sample of adults in the DNHS, we have an 
unprecedented opportunity to enrich the growing body of ‘neighborhood and health’ literature by 
using innovative approaches. To our knowledge, this was the first population-based study to 
assess the association of the neighborhood social environment with different immunological 
biomarkers over a one-year period during the Great Recession. The Great Recession was a major 
macro-economic downturn, providing an opportunity to explore how widespread economic 
hardship (related to both housing and unemployment) impacted both neighborhoods and 
individual health. This research set forth to examine whether the neighborhood social 
environment contributed to significant changes in immunological biomarkers during the 
recession.  
Currently, there is sparse data on the role of the immune system in the etiology of social 
health disparities, and even less data available in regards to it creating and sustaining 




biomarkers of health, including cell-mediated immune and inflammatory markers, and its 
relationship to the neighborhood social environment to gain a better understanding of how the 
neighborhood can affect the biological integrity of the immune system.  
Thus, our research: 
(1)  Examined the cross-sectional association of neighborhood social cohesion with cell-
mediated immunity and inflammation to elucidate possible biological pathways that link 
neighborhood and health.  
(2) Explored the one-year change in cell-mediated immunity and inflammation and its 
association with neighborhood social cohesion to further understand its effects during 
the Great Recession. 
(3) Considered the modifying effects of trauma and psychosocial resources on the cross-
sectional association between neighborhood social cohesion with cell-mediated 
immunity and inflammation in efforts to uncover modifiable targets for future 
interventions.  
Ultimately the findings of our study will add to the ‘neighborhood and health’ literature and 
improve our understanding of the biological mechanisms through which our living environment 
makes us vulnerable to poor health outcomes. Modifiable targets identified in this study can help 
guide the integration of both neighborhood- and individual-level intervention strategies to 






2.3 Supporting tables  
Supporting Table 1. Inflammatory diseases by system, organ, or tissue a  
 
Target system or organ Inflammation-associated disease or condition   
Cardiovascular Atherosclerosis; coronary heart disease 
Dermal  Psoriasis  
Dental  Dental caries/ periodontal disease  
Gastrointestinal  Celiac disease; colon cancer; inflammatory bowel disease  
Hepatic  Nonalcohol fatty liver disease  
Nephrotic  Chronic kidney disease  
Neurological  Alzheimer’s disease; multiple sclerosis; Parkinson’s disease; 
depression  
Otological  Otitis media 
Pancreatic  Type 1 diabetes; Type 2 diabetes 
Skeletal  Juvenile idiopathic arthritis; osteoporosis/ risk of bone fractures 
Systemic connective tissue 
disease 
Systemic sclerosis  
 
a Adapted from Rodney R Dietert; Robert W. Luebke. Immunotoxicity, immune dysfunction, and chronic disease.  






Supporting Table 2. Examples of cancers associated with immune-inflammatory dysfunction in tissues a  
 
Type of cancer(s) Associated immune-inflammatory-related condition   
Colon, small intestine, and rectal 
cancer  
Ulcerative colitis  
Lung cancer Asthma, chronic obstructive pulmonary disease (COPD) 
Skin cancer Psoriasis 
Liver cancer  Primary biliary cirrhosis  
Stomach cancer Pernicious anemia  
Esophageal cancer  Systemic sclerosis  
Thyroid cancer  Autoimmune thyroiditis 
Various lymphoid malignancies Rheumatoid arthritis, Sjogren’s syndrome, celiac disease, 
psoriasis, hemolytic anemia, pernicious anemia    
 
a Adapted from Rodney R Dietert; Robert W. Luebke. Immunotoxicity, immune dysfunction, and chronic disease.  









CHAPTER 3: METHODS 
3.1 Overview 
For this dissertation, we aimed to examine the relationship between the neighborhood 
social environment and cell-mediated immunity and inflammation, modified by exposure to 
trauma and access to psychosocial resources (see Supporting Table 3 for overview of aims). 
 Specifically, we aimed to:  
1) Examine the association between neighborhood social cohesion and cell-mediated 
immunity and inflammation at baseline and one-year follow-up, while controlling for 
individual-level confounding factors. 
2) Investigate whether exposure to trauma and access to psychosocial resources modified 
the relationship between neighborhood social cohesion and cell-mediated immunity and 
inflammation at baseline.  
We utilized data from a population-based cohort study, the DNHS. Results from this 
dissertation may help to provide biological evidence linking neighborhood and health by 
identifying potential biomarkers of cell-mediated immunity and inflammation associated with the 
neighborhood social environment. These biomarkers may serve as precursor of disease outcomes 
and potentially alterable targets for preventing long-term adverse health outcomes. Additionally, 
modifiable risk factors that impact cell-mediated immunity and inflammation were explored for 




3.2 Data source and study population 
3.2.1 Description of the DNHS cohorts  
DNHS is a 5-year population-based cohort study (2008–2012), which collected 
neighborhood- and individual-level data for 2081 adults (aged ≥ 18 years) residing in one of the 
54 Detroit neighborhoods (as defined by the City of Detroit Planning and Development 
Department).127 At baseline (2008), the majority of study participants identified as Black or 
African American (87%), were female (54%), reported an annual income <$25,000 (48%), and 
achieved a high school diploma or equivalent (43%). This was representative of the Detroit 
population estimated in the 2005–2007 American Community Survey (ACS), US Census Bureau 
(see Supporting Table 4).  
Baseline data were collected at wave 1 (2008) from 1,547 adults (cohort 1) and at wave 2 
(2009) from 534 (cohort 2), summing to a total of 2,081 study participants (see Supporting 
Figure 2). Trained interviewers collected data from participants at baseline and annually for 5 
consecutive years via computer-assisted telephone interviews (CATI), ending in 2012. A 40-
minute structured telephone interview was administered during each wave to collect self-
reported data on neighborhood perceptions, physical and mental health status, social support, 
exposure to trauma and stressful events, substance use behaviors, and sociodemographic 
characteristics from one adult in each household selected (questionnaire varied slightly across 
waves). Additionally, during each wave trained phlebotomists made home visits to a subset of 
study participants who consented to providing venous blood samples, blood spot, saliva, and/or 
anthropometric measurements. All serum samples were processed within two hours and stored at 
-80C°. Annual attrition from baseline to the end of the study averaged 39.4%, including both 
cohort 1 and 2.  
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Objective and subjective neighborhood measures of the 54 Detroit neighborhoods (see 
Supporting Figure 3) were collected at baseline. Trained evaluators conducted systematic 
assessments of the physical environment in a sample of block groups within each neighborhood, 
including a total of 135 block groups, during June–July 2008. Perceived neighborhood measures 
of the social environment were obtained from all study participants at baseline via a 
questionnaire.  
3.2.1.a Preliminary findings of DNHS 
A previous DNHS secondary analysis, that restricted its data to participants with non-
missing detectable levels of inflammation and herpesviruses, reported the following baseline 
descriptive statistics for cohort 1 (N=263): more than half were females (57.4%), the majority 
self-identified as Black or African American (81.4%), about half achieved more than a high 
school education (55.1%), and 61.2% reported an annual income <$35,000. The mean age of 
study participants was 54.0 (standard deviation (SD) ± 15.8), with 63.9% being either current or 
former smokers and 6.8% were heavy alcohol users. About 13.3% of participants reported taking 
an anti-depressant, anti-anxiety, and/or non-steroidal anti-inflammatory drug.128  
Other preliminary findings from the DNHS have highlighted the importance of 
investigating biological markers of health. Prior research on the DHNS participants, who 
reported having depression, indicated 95.1% and 76.4% were seropositive for HPV-1 and CMV, 
respectively.128 This same study also found that immunoglobulin G (IgG) antibody level against 
herpesviruses was higher among females, older adults, smokers,128 and those reporting 
depression.129 Another study demonstrated that participants with low SES had a higher 
prevalence of immunological aging compared to those with high SES.51 Taken together, these 
secondary analyses using DNHS data provide evidence to support that variations in health 
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biomarkers were associated with gender, age, health behavior, SES, and mental health 
disorders.128-130 
Moreover, previous DNHS studies that examined associations between neighborhood 
factors and health found that individuals living in disadvantaged neighborhoods were more likely 
to engage in adverse health behaviors and report mental health disorders compared to those 
living in less disadvantaged neighborhoods.131-133 Another study, investigating the link between 
high neighborhood social cohesion and thymic function, provided preliminary evidence 
supporting the theory that the neighborhood environment can impact underlying biological 
mechanisms that affects our health.92 However, these studies were cross-sectional in design and 
inferences about causation and directionality cannot be established.    
3.2.2 Inclusion criteria 
Aim 1: For the cross-sectional analysis, we included participants with available baseline 
data on neighborhood social cohesion and four immunological biomarkers (CMV, HSV-1, IL-6 
and CRP), including participants from both cohort 1 and cohort 2. For the one-year change 
analysis, we restricted the study sample to participants in cohort 1 who provided data across 
waves 1 and 2.  
Aim 2: To examine effect measure modification (EMM) by exposure to traumatic events 
and access to psychosocial resources on the association between neighborhood social cohesion 
and four immunological biomarkers (CMV, HSV-1, IL-6 and CRP), we developed four stratified 
models: 1) two models were stratified by exposure to traumatic events; and 2) two models were 
stratified by access to psychosocial resources. For these analyses, we included participants with 
available baseline data on exposure to traumatic events, access to psychosocial resources, 
neighborhood social cohesion, and the four biomarkers of interest.  
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3.2.3 Exclusion criteria 
To evaluate the association between neighborhood social cohesion and four 
immunological biomarkers (CMV, HSV-1, IL-6 and CRP), we excluded participants with 
missing data needed for inclusion as noted in Section 3.2.2. Inclusion criteria. Participants with 
missing data for individual-level covariates at baseline were excluded from the multivariable 
models.   
3.2.4 Data restriction 
For analyses that included herpesviruses, we restricted our data to participants who were 
seropositive for CMV and HISV-1 at baseline. This restriction was conducted to ensure that any 
observed associations were not attributed to underlying differences in seropositivity.51,134 For 
instance, we suspect that individuals who were seropositive for CMV or HSV-1 may be more 
sensitive to external stressors and therefore experience a greater change in levels when exposed 
to stress compared to those who were seronegative for these herpesviruses.135 No data 
restrictions were applied to analyses that include inflammatory biomarkers (IL-6 or CRP).  
3.3 Measures 
3.3.1 Exposure definition and assessment 
Neighborhood social cohesion was the exposure variable of interest. Individual 
perception of neighborhood social cohesion was measured at baseline (at wave 1 for cohort 1,  
and at wave 2 for cohort 2) using the following 5 statements: (1) this is a close-knit or unified 
community; (2) people around here are willing to help their neighbors; (3) people in this 
neighborhood generally do not get along with each other (reverse coded); (4) people in this 
neighborhood do not share the same values (reverse coded); (5) people in this neighborhood can 
be trusted. Each statement was asked on the 5-point Likert scale (1=strongly disagree to 
5=strongly agree).92 To retain consistency in the statements, the 5-point Likert scale was 
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reversed coded for two questions (see statements above).132 The neighborhood social cohesion 
instrument was previously validated and used in other studies.92,132 Responses to each statement 
were summed to create a score of neighborhood social cohesion (range: 5–25) for each 
participant, higher scores represented greater social cohesion. All scores were then categorized 
into equal tertiles of high, medium, and low level of neighborhood social cohesion, which was 
done previously in a similar study.132 Mean imputation methods were applied to participants who 
had 1–2 missing responses to any of the 5 social cohesion statements. Participants with 3 or more 
missing responses were excluded from the analysis.    
3.3.2 Outcome definition and assessment 
3.3.2.a Cell-mediated immunity 
The serum IgG antibody level for seropositive herpesviruses was assessed. Frozen serum 
samples were shipped on dry ice to the Stanley Neurovirology Laboratory of the Johns Hopkins 
University School of Medicine in Baltimore, Maryland, where they were tested for the presence 
and quantity of serum IgG antibodies against two herpesviruses: Herpes simplex virus type-1 
(HSV-1) and Cytomegalovirus (CMV).128 Briefly, testing was done via solid phase enzyme-
linked immunosorbent assays (ELISAs). The amount of antibody binding to the solid-phase 
antigen was quantitated by means of subsequent reaction with enzyme labeled anti-human IgG 
and enzyme substrate, and the measurement of the optical density (OD) was determined. OD was 
read by spectrophotometric instrumentation. Each assay was performed using participant and 
standard serum samples that contained low but detectable levels of antibodies to the target 
antigen.136 For each sample, the antibody levels were expressed as the ratio of the OD of a test 
sample to that of a standard sample assayed in each test run. For determination of positivity, 
individuals were categorized as seropositive for herpesviruses if their OD ratio value was ≥1.0.51 
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This cut off was guided by clinical trials of the assays for antibodies to HSV-1.136,137 Only 
seropositive samples were used for the quantitative analyses, which were conducted using the 
OD ratio as continuous variable.136 Data were derived from wave 1 and wave 2 of DNHS.  
3.3.2.b Inflammation  
Serum samples were used to test the levels of two pro-inflammatory biomarkers: 1. 
Interleukin-6 (IL-6) (pg/mL) and 2. C-reactive protein (CRP) (mg/L). Pro-inflammatory 
biomarkers were measured from frozen serum using the QuantiGlo Human IL-6 sandwich 
enzyme immunoassay kit (R&D Systems, USA) and the CRP Ultra Wide Range Reagent Kit 
(Genzyme, USA), at the University of Michigan, following the manufacturer’s recommended 
protocols. Participants with values below the limit of detection for IL-6 (<0.50) or CRP (<0.05), 
were assigned values of 0.25 and 0.025, respectively.128 In the analysis, IL-6 and  CRP were 
treated as continuous variables. Data were derived from wave 1 and wave 2 of DNHS.  
3.3.3 Modifier and covariate definitions and assessments 
3.3.3.a Lifetime Trauma, potential effect measure modifier.  
The number of traumatic events a participant experienced in their lifetime was collected 
at baseline. To assess exposure to trauma, a checklist of 19 items was used, including: (1) 
combat or war-zone exposure; (2) rape; (3) sexual assault; (4) shot or stabbed; (5) tortured or 
kidnapped; (6) mugged or threatened with a weapon; (7) badly beaten; (8) serious motor vehicle 
accident or injury; (9) serious accident or injury; (10) natural disaster; (11) diagnosed with life-
threatening disease; (12) child diagnosed with life-threatening disease; (13) witnessed murder or 
serious injury; (14) discovered a dead body; (15) learned that a close friend or relative was raped 
or sexually assaulted; (16) learned that a close friend or relative was physically attacked; (17) 
learned that a close friend or relative was seriously injured in a motor vehicle crash; (18) learned 
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that a close friend or relative was injured in any accident; (19) sudden death of a close friend or 
relative. As was previously done in another study, the number of traumatic events experienced 
by a participant was summed to create a score (range: 0–19). Higher scores reflected exposure to 
more traumatic events.133 The number of traumatic events a participant experienced in their 
lifetime was treated as a binary categorical variable and dichotomized into “≥8 traumatic events” 
or “<8 traumatic events”, which was based on methods previously published.138  
3.3.3.b Psychosocial resources, potential effect measure modifier. 
Access to psychosocial resources was assessed using the following three items: (1) 
Among my friends or relatives, there is someone who makes me feel better when I am feeling 
down; (2) Among my friends or relatives, there is someone I go to when I need good advice; (3) 
My friends or relatives would lend me money if I needed it. A 5-point Likert scale (1=strongly 
disagree to 5=strongly agree)92 was assigned to each statement. A sum score for access to 
psychosocial resources was created by summing each response, and a higher score represented 
greater access to psychosocial resources (range: 3–15). Each score was then treated as a binary 
categorical variable and dichotomized into low (range: 3–10) and high (range: 11–15) access to 
psychosocial resources.  
3.3.3.c Covariates. 
Evaluation of a directed acyclic graph (DAG), drawn from theoretical knowledge and 
extensive literature review, was conducted to select covariates (see Supporting Figure 4).139-141  
We conducted extensive review of the literature to develop a research-based DAG for 
neighborhood social cohesion and immunological biomarkers. The covariates considered as 
potential confounders were baseline measures of sex, race/ethnicity, homeownership, physical 
health, age, employment status, highest educational attainment, marital status, and annual 
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income. Baseline levels of each biomarker was considered as a covariate only for the one-year 
change analysis. The variables that were dichotomized were sex (female or male), 
homeownership (own home or non-homeowner), and self-reported physical health (excellent/ 
very good/ good or fair/poor). Employment was coded as employed, not in the work force (e.g. 
retired, student, disabled, homemaker, maternity/paternity leave, sick leave) and unemployed. 
Although race/ethnicity in the DNHS was assessed as Asian, Black or African American, 
American Indian or Alaskan Native, Native Hawaiian or Other Pacific Islander, White, Hispanic, 
or other, we observed very small sample sizes for all race/ethnicity minority groups, except for 
African Americans. For this reason, we dichotomized the race/ethnicity variable as White and 
non-White (combining all race/ethnic minority groups into one category). Age (in years) was 
categorized as <34, 35-44, 45-64, and 65+ and highest educational attainment was categorized as 
<high school, high school graduate/ GED, some college, and college/ graduate degree. We 
categorized marital status as married, previously married, and never married, and annual income 
as <$25,000, $25,000–$49,999, and ≥$50,000. Baseline biomarker levels were assessed as 
continuous variables. All categorical variables were coded in SAS 9.4 as class variables.  
3.4 Statistical approach 
The overall goals of the research were twofold. First, to investigate the effects of 
neighborhood social cohesion on cell-mediated immune function and inflammation. Second, to 
explore EMM by exposure to trauma and access to psychosocial resources, among urban adult 
living in Detroit, MI. To achieve these goals, we carried out two study aims. In Aim 1, we 
examined the effects of neighborhood social cohesion on four biomarkers CMV, HSV-1, IL-6 
and CRP, while controlling for individual-level confounding factors, at baseline and one-year 
follow-up. In Aim 2, we determined whether the association between neighborhood social 
cohesion and four biomarkers (see Aim 1) was modified by exposure to trauma and access to 
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psychosocial resources at baseline. For aim 1, our analytical approach included both a cross-
sectional and one-year change analysis. Specifically, we were interested in uncovering biological 
mechanisms through which an individual’s perception of social cohesion in their neighborhood 
was embodied to “get under the skin”. For this reason, neighborhood social cohesion was 
assessed as an individual-level factor and a multilevel analysis was not applicable. Furthermore, 
our data were limited to a one-year follow-up, therefore we were only able to conduct a one-year 
change analysis in biomarkers. Future longitudinal studies should explore changes in biomarkers 
using other time lengths beyond 1 year. For aim 2, EMM was assessed using baseline data only 
from a subset of the study population in aim 1. All statistical analyses were performed in SAS, 
version 9.4 (SAS Institute, Inc., Cary, North Carolina).  
3.4.1 Variable selection 
The selection process for the exposure, outcome, modifier, and covariate variables was 
described in sections: 3.3.1 Exposure definition and assessment; 3.3.2 Outcome definition and 
assessment; and 3.3.3 Modifier and covariate definitions and assessments. Briefly, variables 
selected were specific to each aim (see Supporting Table 3) and were guided by information 
provided from a DAG (see Supporting Figure 4).139 All confounding variables that were included 
in the regression models had strong research-based evidence suggesting that the variable was a 
potential confounding factor in the association between neighborhood social cohesion and 
immunological biomarkers. For more information on the DAG see section 3.3.3.c. 
3.4.2 Specific aim 1  
Aim 1: Examine the effects of neighborhood social cohesion on cell-mediated 
immunity (measured by IgG antibody levels against HSV-1 and CMV) and inflammation 
(IL-6 and CRP) at baseline and one-year follow-up, while controlling for individual-level 
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confounding factors. Hypothesis 1: Low or medium level of neighborhood social cohesion is 
associated with higher IgG antibody levels against herpesviruses and inflammation compared to 
high level of neighborhood social cohesion (reference group) at baseline. Hypothesis 2: One-year 
change in IgG antibody levels against herpesviruses and inflammation is greater among those 
living in neighborhoods with low or medium level social cohesion compared to high level of 
social cohesion (reference group) during 2008–2009.  
3.4.2.a Approach 
Prior to running any regression models, we detected and excluded potential outliers for 
the four immunological biomarkers (CMV, HSV-1, IL-6 and CRP) using the Median Absolute 
Deviation (MAD) method.142 Ordinary least-squares (OLS) linear regression models were used 
to examine cross-sectional associations between categorical measures of neighborhood social 
cohesion (high, medium, and low) and continuous measures of cell-mediated immunity and 
inflammation at baseline. Crude and adjusted multivariable models were performed to beta 
coefficients estimates and 95% confidence intervals (CIs) for participants with complete data 
only. For regressions modeling inflammation as the outcome variable of interest, inflammation 
levels were log-transformed because of the non-normal distributions of IL-6 and CRP found in 
our sample population (Equation 1). However, we did not perform a log transformation in 
regressions modeling herpesviruses as the outcome variable of interest because IgG antibody 
levels for CMV and HSV-1 approximated normal distributions (Equation 2).  
Equation 1. Log-linear regression equation:  
ln(E[Y]) = β0 + β1X1 +….βkXk 
Where Y = outcome ~ log;  
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β0 = log expected (mean) value of Y for study participants at the reference levels of the 
exposure (i.e. the unexposed) and all covariates X2, …., Xk;  
β1 = difference in log expected (mean) of Y between the exposed and unexposed;  
X1 = exposure; 
 βk = Xk regression coefficient; 
 Xk = covariate k.  
Equation 2. Linear regression equation:  
E[Y] = β0 + β1X1 +….βkXk 
Where Y = outcome ~ linear;  
β0 = Expected (mean) value of Y for study participants at the reference levels of the 
exposure (i.e. the unexposed) and all covariates X2, …., Xk;  
β1 = difference in expected (mean) of Y between the exposed and unexposed;  
X1 = exposure; 
 βk = Xk regression coefficient; 
 Xk = covariate k.  
To examine one-year change in cell-mediated immunity and inflammation levels 
associated with neighborhood social cohesion categories (high, medium, and low), we calculated 
the difference in biomarker levels from Wave 1 to Wave 2. Specifically, the mean annual change 
between baseline and follow-up was calculated by subtracting levels of biomarker at baseline 
(2008) from levels of biomarkers at follow-up (2009). The difference in biomarker levels from 
baseline to one-year follow-up was modeled as the outcome variable of interest. The regression 
models used in the one-year change analysis were analogous to those of the cross-sectional 
analysis mentioned above (Equation 1 and 2).  
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We incorporated sample weights using the Inverse Probability Weight (IPW) method in  
all regression models 143,144 to account for the complex two-stage area probability sampling of 
households within Detroit city limits used to select DNHS participants.51 The weights were used 
to adjust for any differences found between the Detroit population and our study sample. The 
‘weight’ statement (in SAS) was applied to all OLS linear regression in order to appropriately 
account for weights. All multivariable regression models (both cross-sectional and one-year 
change models) controlled for potential confounding factors. All tests of statistical significance 
were 2-sided and a 95% CI excluding the null value or a p-value <0.05 was used to determine 
statistical significance.  
3.4.3 Specific aim 2  
Aim 2: Determine whether the association between neighborhood social cohesion 
and cell-mediated immunity and inflammation (as described above) is modified by the 
exposure to trauma and access to psychosocial resources at baseline. Hypothesis 1: Low 
level exposure to trauma (<8 traumatic events) buffers the effect of neighborhood social 
cohesion on the baseline levels of cell-mediated immunity and inflammation compared to high 
level exposure to trauma (≥8 traumatic events). Hypothesis 2: High access to psychosocial 
resources buffers the effect of neighborhood social cohesion on the baseline levels of cell-
mediated immune function and inflammation compared to low access to psychosocial resources.  
3.4.3.a Approach 
 EMM by exposure to trauma and access to psychosocial resources was examined using 
four stratified models. First, we stratified the models for neighborhood social cohesion and four 
immunological biomarkers (Equation 1 and 2) by the dichotomized categories of exposure to 
trauma, “≥8 traumatic events” and “<8 traumatic events”, then by access to psychosocial 
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resources (PSR), “high PSR” and “low PSR”. EMM was assessed by comparing effect estimates 
within strata, then the estimates for the stratified models were compared to the non-stratified 
models. EMM was confirmed if the effect estimates for the non-stratified models lied within the 
effect estimates of the two stratified models.  
Similar to aim 1, we performed OLS linear regression models to calculate beta 
coefficients estimates and 95% CIs, and also accounted for appropriate weights by applying the 
‘weight’ statement to all regressions. Potential confounding factors were controlled for in all 
multivariable regression models (informed by DAGs and substantive knowledge). Values for 
inflammation biomarkers were log-transformed in all regression models (Equation 1), but log-
transformation was not performed for herpesviruses (Equation 2). Estimates with a p-value <0.05 
or a 95% CI excluding the null value were considered statistically significant.  
Equation 1. Log-linear regression equation:  
ln(E[Y]) = β0 + β1X1 +….βkXk 
Where Y = outcome ~ log;  
β0 = log expected (mean) value of Y for study participants at the reference levels of the 
exposure (i.e. the unexposed) and all covariates X2, …., Xk;  
β1 = difference in log expected (mean) of Y between the exposed and unexposed;  
X1 = exposure; 
 βk = Xk regression coefficient; 
 Xk = covariate k.  
Equation 2. Linear regression equation:  
E[Y] = β0 + β1X1 +….βkXk 
Where Y = outcome ~ linear;  
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β0 = Expected (mean) value of Y for study participants at the reference levels of the 
exposure (i.e. the unexposed) and all covariates X2, …., Xk;  
β1 = difference in expected (mean) of Y between the exposed and unexposed;  
X1 = exposure; 
 βk = Xk regression coefficient; 




3.5 Supporting tables 
Supporting Table 3. Summary of variables selected by research aims  
 
Aim Exposure Outcome Effect Measure Modifier 
Aim 1 Measure of 
neighborhood  
social cohesion  
Measures of immune function 
at baseline and 1-year follow-up  
- 
Aim 2 Measure of 
neighborhood  
social cohesion 
Measures of immune function 
at baseline  
1. Measures of trauma  
2. Measures of psychosocial 















Supporting Table 4. DNHS sample versus Detroit’s population (*Estimated from the 2005-2007 
American Community Survey (ACS) of the city of Detroit, US Census Bureau).   
 
Characteristics 
Percent from DNHS sample 
(N=1547), weighted 
Percent from 2005-2007 
ACS*, Detroit population 
Age   
      18-24 19.98 13.34 
      25-34 12.52 19.34 
      35-44 14.80 19.77 
      45-54 23.91 19.30 
      55-64 15.68 13.41 
      65+ 13.12 14.83 
Gender    
      Female 53.82 53.00 
      Male  46.18 47.00 
Race/Ethnicity    
      Black or African American  86.88 82.77 
      Other  5.27 6.83 
      White  7.85 10.40 
Income    
      <$25,000 47.69 44.03 
      $25,000- $49,999 29.22 27.87 
      $50,000+ 23.09 28.10 
Education    
      <High School Graduate  15.40 25.39 
      High School Graduate/ GED  43.43 35.49 
      Some College 26.41 28.87 







































Supporting Figure 2. DNHS sample by each study wave including the total sample size by cohort 1 and 













































































Supporting Figure 4. Directed acyclic graph (DAG) for perceived neighborhood social cohesion and 








CHAPTER 4: NEIGHBORHOOD SOCIAL COHESION, INFLAMMATION, AND 
IMMUNE RESPONSES TO INFECTION DURING THE GREAT RECESSION IN 
DETROIT, MICHIGAN 2008–2009 
4.1 Overview 
Perceived neighborhood social cohesion can be defined as the strength of connection, 
belonging, and trust an individual feel regarding their neighborhood. This has been linked to 
various health outcomes, but the biological mechanism is not well understood. With a growing 
interest in immunological biomarkers in epidemiology, the key role that the immune system 
plays in the relationship between neighborhood and health has become more evident. Data from 
the Detroit Neighborhood Health Study (DNHS), a population-based study, were obtained from 
749 adults residing in Detroit, Michigan (MI) during the Great Recession 2008–2009. Our study 
examined whether there was an association between social cohesion and four immunological 
biomarkers (C-reactive protein (CRP), interleukin-6 (IL-6), antibody response to seropositive 
Cytomegalovirus (CMV) and Herpes simplex virus type-1 (HSV-1)). This study employed two 
different analytical approaches: cross-sectional analysis and one-year change analysis in 
biomarker levels. All regression models were adjusted for sex, race/ethnicity, homeownership, 
physical health, age, employment, education, marital status, and annual income. In the one-year 
change analysis, we also adjusted for baseline biomarker levels. We found that participants who 
reported low social cohesion had significantly higher HSV-1 IgG levels (β= 0.71; 95% CI: 0.02 
to 1.40) compared to those living in neighborhoods with high social cohesion (referent), after 
controlling for covariates. Log CRP levels were significantly lower among those reporting low 
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(log β= -0.62 mg/L; 95% CI: -0.93 to -0.30 mg/L) and medium (log β= -0.43 mg/L; -0.75 to -
0.10 mg/L) social cohesion compared to the referent. There was no significant association 
between social cohesion and CMV or log IL-6 in the cross-sectional analysis. For the one-year 
change analysis, the greatest one-year increase was observed for CMV, HSV-1, and log CRP 
levels among participants who reported medium social cohesion. However, these results were 
only statistically significant for CMV (β= 0.38; 95% CI: 0.003 to 0.76). We conclude that 
neighborhood social cohesion was associated with both inflammation and cell-mediated 
immunity in adults, and immunological differences by social cohesion may be one pathway by 
which social connections buffer the influence of stressors on health.   
4.2 Background 
There is growing interest in identifying biological mechanisms that explain the link 
between the neighborhood social environment and health. In particular, researchers have 
explored possible risk factors associated with immunological biomarkers in efforts to uncover 
mechanisms through which the environment “gets under the skin” and affects our health. We 
know that the physical environment can affect the immune system through exposure to immune-
alternating chemicals or toxins.145 Social processes (e.g. socioeconomic status (SES)) can affect 
the immune systems via psychosocial stress pathways, by activating of neurological responses 
that interact with the endocrine and immune system.14,57 Such alterations in immunity via the 
stress-related pathway include the release of pro-inflammatory cytokines,14,57,59 increased 
susceptibility to infection,12,16-18,146 and the reactivation of latent herpesviruses as a result of 
diminished cell-mediated response.61,147-149 Although there is evidence to suggest that the 




social processes,8,9,51 much less is currently known about the effects of the neighborhood social 
environment on the immune system.  
One characteristic of the neighborhood social environment that is commonly linked to  
health is social cohesion. Defined by a sense of trust, solidarity, attachment, connectedness, 
safety, and reciprocity within a neighborhood,150-152 high levels of social cohesion have been 
hypothesized to have salubrious effects on mental health,33,150 physical health,29,30,34,38,43,151 and 
health behaviors27,37 through various pathways– one being the psychosocial stress pathway.153 
Despite this evidence and the increasing recognition that the neighborhood environment plays a 
critical role in the overall well-being of individuals,67 very few studies have demonstrated an 
immunological link to neighborhood social cohesion. Of these studies, one has presented data on 
social cohesion and thymic function,92 while the remaining studies focused on cortisol44,45 or 
inflammatory biomarkers,46,152 but findings were inconsistent. Other studies have demonstrated 
that low social support and social isolation (two aspects closely related to social cohesion) were 
independently associated with higher inflammation in adults.154-156 These studies indirectly 
support the hypothesis that social cohesion may influence immunity. Additionally, surrogate 
markers of cell-mediated immunity, such as immunoglobulin G (IgG) antibody levels against 
herpesviruses, have also been studied to understand the association between neighborhood and 
health.157,158 However, no study has yet to consider the effects of neighborhood social cohesion 
on various immunological biomarkers simultaneously.  
Using data drawn from a population-based cohort study, we examined the association 
between neighborhood social cohesion and four immunological biomarkers among adults living 
in Detroit, MI during the Great Recession. The Great Recession was a global financial downturn 
that occurred during 2007–2009 and was characterized in the United States (US) by a decline in 
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housing prices and household wealth. This had severe consequences in some neighborhoods, 
resulting in high home foreclosure rates, abandoned homes, and urban blight. Furthermore, prior 
data have shown that the effects of the Great Recession extended beyond homes and 
neighborhood, and also impacted health outcomes.92,159,160 We hypothesized that individuals who 
report low or medium levels of neighborhood social cohesion would have elevated levels of 
inflammation and IgG antibody against herpesviruses (due to the suppression of cell-mediated 
immune response) compared to those living in highly cohesive neighborhoods. Additionally, we 
hypothesized a one-year rise in inflammation and herpesviruses IgG antibody levels from 2008 
to 2009, with the greatest increase occurring among those who lived in less cohesive 
neighborhoods during the Great Recession. The purpose of this study was to enhance our 
understanding of the distribution of immunological biomarkers as they relate to social cohesion 
and identify key biological mechanisms to improve population health by neighborhoods.  
4.3 Design and methods 
4.3.1 Data source and study population  
We conducted a secondary analysis using data from the 2008–2012 DNHS, a population-
based longitudinal study of 2081 individuals (aged ≥18 years) living in Detroit, MI. The DNHS 
data were collected during the height of the Great Recession (2008–2009), giving us a valuable 
opportunity to assess changes in immunological biomarkers within levels of neighborhood social 
cohesion during the widespread economic downturn. This is important because the recession has 
been shown to negatively affected both neighborhoods and health.161  
Participants in the study were adults living in one of the 54 Detroit neighborhoods, as 
defined by the City of Detroit Planning and Development Department.127 They were enrolled 
into DNHS in two waves (either at wave 1 (2008) or wave 2 (2009)) and given the opportunity to 
complete a baseline survey and contribute a blood sample. One adult from each household was 
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selected to participate in an annual 40-minute survey, which was conducted via computer-
assisted telephone interviewing (CATI) and included questions on individual and neighborhood 
characteristics.51 Some participants contributed a venous blood sample during their baseline 
and/or follow-up visit. Specifically, participants enrolled at wave 1 (cohort 1) were given a 
second chance to provide a blood sample at wave 2. However, participants enrolled at wave 2 
(cohort 2) only contributed one blood sample during 2008–2009. Participants who consented to 
the collection of a venous blood sample during their baseline visit or who only provided one 
sample at either wave (N=752, 36%) were more likely to report an annual household income 
level <$25,000 (53% versus 45%, p<0.0001) and did not receive a high school diploma/GED 
(16% versus 12%, p= 0.003) compared to those who did not give a blood sample at baseline 
(N=1329). Full details on the DNHS sampling frame, recruitment procedures, and sample 
characteristics were previously described.51,128,162,163 All participants provided informed consent 
for the DNHS and the study was approved by the Institutional Review Boards (IRB) of the 
University of Michigan and the University of North Carolina at Chapel Hill. 
Our analysis utilized cross-sectional data from the baseline sample collection (i.e. newly 
consented participants who enrolled at either wave 1 or wave 2) and one-year change analysis 
(participants who enrolled at wave 1 and were followed up to wave 2). Of the participants who 
consented to venous blood sample collection during their baseline assessment or who only 
provided one blood sample at either wave, 749 (97%) reported data on neighborhood social 
cohesion. Our one-year change analysis was restricted to participants in cohort 1 who provided 
blood samples at wave 1 and wave 2 (N=259) (see Figure 1). Previous publications using DNHS 
data have demonstrated that DNHS participants at wave 1 (2008, N=1547) were representative of 
the Detroit population in terms of age (72% were <55 years of age), sex (53% female), race 
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(83% Black or African American), educational attainment (39% reported some college or more), 
and income (44% reported income less than <$25,000), when compared to data from 2005–2007 
American Community Survey (ACS) Public Use Microdata Sample.51,128 However, our cross-
sectional study sample (N=749) was more educated (54% versus 39% received some college or 
more) and older (71% versus 48% were 45 years or older) than the 2005–2007 ACS Detroit 
population (data not shown).128,162 For this reason, we applied sample weights to our analysis 
(discussed below) to adjust for differences between the Detroit population and our study sample.  
4.3.2 Measures 
Outcomes  
The outcome variables of interest were indirect markers of cell-mediated immunity and 
pro-inflammatory biomarkers, which we hypothesized would be influenced by social cohesion 
through similar mechanisms via a psychosocial stress pathway. We measured indirect markers of 
cell-mediated immunity using serum IgG antibody levels against two herpesviruses: Herpes 
simplex virus type-1 (HSV-1) and Cytomegalovirus (CMV). The application of these biomarkers 
for studying the influence of stress on health has been previously documented in population-
based studies and experimental research.61,148,164 We restricted our analysis to participants who 
were seropositive for HSV-1 and CMV at baseline in order to ensure that observed associations 
were not attributed to underlying differences in seropositivity.51 We hypothesized that 
seropositive individuals may have different immunological responses to stress compared to those 
who were seronegative.135 To determine seropositivity, IgG antibody levels were expressed as 
the ratio of the optical density (OD) to a standard sample assayed for each test run. Individuals 
were categorized as seropositive for HSV-1 or CMV if their OD ratio value was ≥1.0.51 For our 
analysis, serum IgG antibody levels against HSV-1 and CMV were measured as continuous 
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variables. While herpesvirus IgG antibody levels are not a substitute for direct measures of cell-
mediated immunity, researchers have shown that they correlate with aspects of T-cell response, 
such as lower naïve to effector T-cell ratio.51 The distribution of IgG antibody levels against 
HSV-1 and CMV by neighborhood social cohesion was assessed (see Supplemental Figure 1a). 
Since the seropositive IgG antibody levels for HSV-1 (N=673) and CMV (N=573) approximated 
a normal distribution, we did not perform a log transformation on these values. We detected and 
excluded potential outliers for HSV-1 and CMV using the Median Absolute Deviation (MAD) 
method.142 Comprehensive details on the laboratory testing procedures and more information on 
the herpesviruses used in this analysis can be found elsewhere.51,128  
We used serum samples to test the levels of two pro-inflammatory biomarkers: 
Interleukin-6 (IL-6) (pg/mL) and C-reactive protein (CRP) (mg/L). High-sensitivity testing for 
CRP was used as oppose to the standard testing because of its capability to measure coronary 
artery disease or risk factors for other atherothrombotic disease.58 IL-6 and CRP values that fell 
below the limit of detection (IL-6 <0.50; CRP <0.05) were assigned the value 0.25 (N=18) and 
0.025 (N=36), respectively, which was previously done in other DNHS studies.128,162 Each pro-
inflammatory biomarker was measured as a continuous variable and extreme values were 
detected and excluded using the MAD method.142 The distribution of the pro-inflammatory 
biomarkers by neighborhood social cohesion was also assessed (see Supplemental Figure 1b). 
Due to the non-normal distribution of IL-6 (N=701) and CRP (N=710), values were log-
transformed to reach an approximately normal distribution in our models. Information on how 
the samples were collected and stored can be found in previous publications.128,162 
We also measured a one-year change in the levels of each biomarker (HSV-1, CMV, IL-
6, and CRP). We hypothesized that a one-year increase in levels may indicate a worsening cell-
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mediated immunity or elevated inflammation. The mean one-year change between baseline and 
follow-up was calculated by subtracting the baseline level of each biomarker (2008) from the 
corresponding level at follow-up (2009). This was then modeled as the primary outcome for the 
one-year change analysis. We also assessed the distribution of the one-year change for the four 
biomarkers by neighborhood social cohesion using boxplots (see Supplemental Figure 2).  
Exposures  
The exposure of interest was perceived neighborhood social cohesion, which was 
measured at baseline using a validated scale of social cohesion.165,166 This included a five-point 
Likert response to the following five statements: (1) this is a close-knit or unified community; (2) 
people around here are willing to help their neighbors; (3) people in this neighborhood generally 
do not get along with each other (reverse coded); (4) people in this neighborhood do not share 
the same values (reverse coded); (5) people in this neighborhood can be trusted. The response to 
each statement was summed to create a score for social cohesion, such that a higher score 
represented a greater degree of social cohesion (sum score range: 5–25). For our analysis, we 
categorized each sum score into equal tertiles of high, medium, and low level of social cohesion 
based on the entire cross-sectional sample population (N=749), similar to other studies.92,132 For 
individuals with 1–2 missing responses for any of the five social cohesion statements (N=45), we 
used a mean imputation method to create a social cohesion score. Individuals with three or more 
missing responses (N=4) were excluded from the analysis.    
Potential confounding factors that predict immune response and associated with social 
cohesion were identified using a directed acyclic graph (DAG).140 Confounding variables 
included sex, race/ethnicity, homeownership, self-reported physical health, age, employment, 
highest educational attainment, marital status, annual income, and baseline levels of biomarkers 
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(for the one-year change analysis only). For this analysis, we dichotomized sex (female or male), 
homeownership (own home or non-homeowner), and self-reported physical health 
(excellent/very good/good or fair/poor). Employment was categorized as employed, not in the 
work force (e.g. retired, student, disabled, homemaker, maternity/paternity leave, sick leave) or 
unemployed. Although race/ethnicity was assessed in the DNHS baseline survey as Asian, Black 
or African American, American Indian or Alaskan Native, Native Hawaiian or Other Pacific 
Islander, White, Hispanic, or other, for analytical purposes we dichotomized race/ethnicity as 
White or non-White (race/ethnic minority groups). We collapsed all race/ethnic minority groups 
into one category because of the large proportion of self-reported African American (>80%) in 
our study population and the very small sample size for all other race/ethnicity categories, except 
White (about 10%). Age (in years) was categorized as ≤34, 35-44, 45-64, and 65 or older and 
educational attainment was grouped as <high school, high school graduate/ GED, some college, 
and college/graduate degree. Annual income was categorized as <$25,000, $25,000–$49,999, 
and ≥$50,000 and we modeled marital status as married, previously married, and never married. 
All baseline biomarker levels were assessed as continuous variables.  
4.3.3 Statistical analysis 
DNHS participants were selected using a complex two-stage area probability sample of 
households within the Detroit city limits.51 For this reason, we incorporated sample weights into 
our analysis using the Inverse Probability Weight (IPW) method, which applied appropriate 
sample weights for biospecimen collection.143 Applying the sample weights increased the 
likelihood that the analytical results found in this study were representative and inferences could 
be made to the Detroit population.  
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Standard descriptive statistics were used to assess sociodemographic and other 
characteristics of the study population by neighborhood social cohesion. Frequency and weighted 
percentages were used to evaluate the distribution of categorical variables, and the Chi-square 
test was used to assess differences in proportions.167 Weighted means and standard deviations 
(SD) were calculated for continuous variables, and the T-test was applied when appropriate.167 
To further characterize the study population, we also explored median and range for continuous 
variables. It is important to note that some participants had missing data on race/ethnicity (0.3%), 
income (6.8%), homeownership (0.1%), employment status (0.9%), and physical health status 
(0.1%), and these data were excluded from the regression models (mentioned below).   
For each of the four immunological biomarkers, we ran separate ordinary least-squares 
(OLS) linear regression models to estimate their association with social cohesion both cross-
sectionally and for the one-year change. Using OLS linear regression, both crude and adjusted 
multivariable models (including potential confounding variables) were assessed. Only 
participants with complete data for all variables were included in the multivariable models. For 
the one-year change analysis, we fitted models analogous to that of the cross-sectional analysis 
but also adjusted for baseline level of the corresponding biomarker in the multivariable models. 
Statistical significance was based on a two-sided test and determined by a 95% confidence 
interval (CI) that did not include the null value or a p-value<0.05. We applied the ‘weight’ 
statement to each OLS linear regression to account for appropriate weights. All statistical 
analyses for this study were conducted in SAS 9.4 (SAS Institute, Inc., Cary, North Carolina). 
4.4 Results 
4.4.1 Descriptive characteristics 
Table 1 displays participants’ characteristics by neighborhood social cohesion categories 
(low, medium, and high NSC). The weighted mean age of the study population was 51 years 
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(SD: 28; range: 18–95), and over half were female (58%) and reported good health or better 
(68%). The vast majority self-identified as non-White (91%) and reported an annual income of 
<$50,000 (79%). About 57% of participants had at least some college education and 64% were 
unemployed or not in the labor force (i.e. looking for work, retired, homemaker, student, 
maternity/ paternity leave, sick leave, disability). The overall mean social cohesion sum score 
was 17 (SD: 8; range: 5–25), with low, medium, and high social cohesion scores ranging from 5–
15, 16–19, and 20–25, respectively. Participants reporting high social cohesion were mostly 
female, older adults (≥45 years), had higher annual income, earned at least a college degree, 
were homeowners, employed, married or previously married, and reported good health or better 
(see Table 1).  
Across all four biomarkers, baseline levels were consistently higher for participants not in 
the labor force and who reported fair or poor health. Non-White participants had higher levels of 
CMV, HSV-1, and log CRP compared to White participants. Females had higher levels of CMV, 
log CRP, and log IL-6, but lower levels of HSV-1. The middle-income category ($25,000– 
$49,999) had the highest levels of inflammation and herpesvirus IgG antibodies, whereas 
participants who never married had the lowest levels. Homeowners had higher levels of 
herpesvirus IgG antibodies, but not inflammation, compared to non-homeowners. A positive 
trend was observed between biomarker levels and increasing age for all biomarkers, except log 
CRP, which showed individuals ≥65 years having lower levels than those 35-64 years. We also 
found that participants who received a college or graduate degree had the lowest levels of HSV-
1, log CRP, and log IL-6 (see Table 2). 
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4.4.2 Cross-sectional analysis 
Figure 2a shows an inverse relationship between neighborhood social cohesion and 
seropositive herpesviruses, whereby the mean IgG antibody levels for CMV and HSV-1 
decreased with higher social cohesion (CMV: low social cohesion= 5.59, medium social 
cohesion= 5.40, high social cohesion= 5.28; HSV-1: low social cohesion= 5.55, medium social 
cohesion= 5.18, high social cohesion= 5.07). In contrast, the mean log CRP levels increased with 
higher social cohesion (low social cohesion= 0.41, medium social cohesion= 0.45, high social 
cohesion= 0.87), but remained relatively stable for log IL-6 across levels of social cohesion (low 
social cohesion= 1.02, medium social cohesion= 1.01, high social cohesion= 1.04 ), see Figure 
2b.  
In the cross-sectional analysis, crude models found that low (β= -0.45, 95% CI: -0.76 to -
0.15) and medium (β= -0.42, 95% CI: -0.73 to -0.10) social cohesion had significantly lower log 
CRP levels compared to high social cohesion. The gradient between increasing social cohesion 
and increasing log CRP remained significant even after controlling for potential confounders in 
the multivariable model (low social cohesion: β= -0.62, 95% CI: -0.93 to -0.30; medium social 
cohesion: β= -0.43; 95% CI: -0.75 to -0.10). Another multivariable model in the cross-sectional 
analysis found that HSV-1 IgG antibody levels were significantly higher for low social cohesion 
(β= 0.71, 95% CI: 0.02 to 1.40) compared to high social cohesion, see Table 3.    
4.4.3 One-year change analysis   
The 259 participants eligible for the one-year change analysis (participants who provided 
one biosample at wave 1 and another sample at wave 2) were slightly more likely to be female 
(cross-sectional sample: 58%; one-year change sample: 63% p-value=0.18) compared to the 749 
biosample population eligible for the cross-sectional analysis (participants who provided at least 
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one biosample at either wave 1 or 2). For all other socio-demographic characteristics (i.e. age, 
education, income, race/ethnicity), the unweighted proportions between the two sample 
populations were equivalent (data not shown).     
Figure 3 shows the unadjusted one-year change in levels for all four biomarkers from  
2008 to 2009. Briefly, an increase in IgG antibody levels were observed for HSV-1 in the 
medium and high social cohesion categories (low social cohesion: -0.05, medium social 
cohesion: 0.29, high social cohesion: 0.25), whereas an increase in CMV IgG antibody levels 
were observed only for the medium social cohesion category (low social cohesion: -0.01, 
medium social cohesion: 0.09, high social cohesion: -0.24). From 2008 to 2009, log CRP 
increased by 0.15, 0.56, and 0.08 log unit in the low, medium, and high social cohesion 
categories, respectively. During this one-year period, log IL-6 levels also increased for each 
social cohesion category (low social cohesion: 0.12, medium social cohesion: 0.18, high social 
cohesion: 0.22). Of note, for all biomarkers, with the exception of log IL-6, the medium social 
cohesion category presented the greatest one-year rise in biomarker levels.  
Results from the one-year change regression models (including crude and adjusted 
models) demonstrated that change in CMV IgG antibody level for the medium social cohesion 
category was significantly higher than change observed for the high social cohesion category. 
The crude one-year change in CMV IgG antibody level for medium social cohesion was 0.33 
units (95% CI: 0.01 to 0.66) higher than that observed for high social cohesion, and 0.38 units 
(95% CI: 0.003 to 0.76) higher after adjusting for potential confounding factors in the 
multivariable model. The one-year change in levels for all other biomarkers was not significantly 
different when comparing low and medium social cohesion categories to high social cohesion 




Using a sample of adults living in Detroit, MI during the Great Recession, we found that 
lower levels of social cohesion were associated with higher IgG antibody levels to CMV and 
HSV-1. These results suggest that low social cohesion may alter cell-mediated immunity. By 
contrast, we found different results for two inflammatory markers, IL-6 and CRP. There was no 
significant trend in IL-6 by social cohesion, but lower levels of CRP were found among those 
reporting low or medium level social cohesion compared to those with high level social 
cohesion. One-year change analysis found that the greatest rise in CMV, HSV-1, and CRP levels 
occurred among those reporting medium social cohesion. These results suggest that social 
cohesion may differentially influence cell-mediated immune makers and inflammation. 
It should be noted that of the four biomarkers examined in the cross-sectional analysis, 
HSV-1 and CRP were the only biomarkers significantly associated with social cohesion in the 
fully adjusted models. However, the directionality of the associations for HSV-1 and CRP with 
social cohesion were different; a negative trend was found for HSV-1 and a positive trend for 
CRP. While we have no compelling physiological explanation for why cell-mediated immunity 
and pro-inflammatory makers did not consistently relate to neighborhood social cohesion in the 
same direction, we hypothesize that infectious markers of cell-mediated immunity, particular 
herpesviruses, may be more responsive to psychosocial stressors65 than broad-acting pro-
inflammatory makers such as CRP and IL-6. Moreover, based on previous work, we postulate 
that social cohesion may not directly affect up-stream inflammatory markers such as IL-6, but 
instead impact more down-stream inflammatory markers like CRP.168 Non-specific inflammatory 
markers, like CRP and IL-6, may also respond differently to social factors153,154,169 or be 
differentially impacted by clinical characteristics170 and health behaviors (e.g. smoking and 
alcohol consumption) that were not considered in this study because of their potential roles as 
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mediators.171-175 Indeed, each biomarker included in this study may have different 
immunological functions or be impacted by social cohesion through distinct or intertwined 
pathways176 that are not fully understood.  
To our knowledge, this is the first population-based study to investigate the association 
between social cohesion and herpesviruses over a one-year period. HSV-1 and CMV are lifelong 
persistent herpesvirus infections maintained in latency by cell-mediated immunity.177 However, 
when induced by environmental triggers or psychological stress, depressed T-cell immune 
function can result in the reactivation and replication of herpesviruses.65,177 Long-term health 
consequences of the reactivation of some herpesviruses include chronic disease,178 cognitive 
decline,2 and accelerated immune aging.179 In our analysis, we observed elevated herpesvirus 
IgG antibody levels (indicating depressed cell-mediated immunity) with decreasing social 
cohesion, but results were only statistically significant for HSV-1 (possibly attributed to the 
larger sample size used for HSV-1 compared to CMV). On average HSV-1 IgG antibody levels 
were 0.71 units higher for those living in low compared to high socially cohesive neighborhoods, 
when controlling for potential confounders. It should be noted that for our analysis, HSV-1 and 
CMV served as surrogate markers of cell-mediated immunity. Using data from DNHS, McClure 
et al. also found an association between cell-mediated immune function (measured by the thymic 
function- which is essential for maintaining the naïve T-cell pool to mount an effective immune 
response) and neighborhood characteristics.92 In their study, thymic function diminished with 
higher prevalence of abandoned homes and home foreclosure, but this association was attenuated 
in the presence of high neighborhood social cohesion.92 Our results also support conclusions 
made by other population-based studies that analyzed herpesviruses and neighborhood-level 
factors. One study found that foreign-born Latinos living in neighborhoods with higher 
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immigrant concentrations (a potential marker of greater social support in immigrant populations) 
had lower levels of Epstein-Barr virus (EBV) antibody levels.157 Our findings corroborate with 
another study that observed elevated CMV seropositivity clustered in urban areas with high 
minority populations and poor SES indicators, such as poverty, low median house income, 
unemployment, low levels of education.158 Results from our study add to the existing body of 
literature that support the hypothesis that the neighborhood environment influences cell-mediated 
immunity and may be one of the factors perpetuating neighborhood-level disparities in diseases 
implicated by poor immune response.    
We also investigated the association between social cohesion and two pro-inflammatory 
markers that are physiologically related (IL-6 is a cytokine that can stimulate the production of 
CRP),180 commonly used in epidemiological studies,86,128,155,171,173,181,182 and identified as 
possible cardiovascular risk factors.180 Our results showed CRP was positively associated with 
social cohesion, and adjustment for confounders did not substantially modify this association. On 
average, a 0.62 and 0.43 log-unit decrease in CRP levels were observed among individuals 
reporting low and medium social cohesion, respectively, compared to high social cohesion. 
These results were counterintuitive to our initial hypothesis that low level social cohesion was 
associated with elevated inflammation and to finding from Holmes and Marcelli, which 
demonstrated a significant inverse relationship between social cohesion and CRP.181 We suspect 
that due to the strong intercorrelated relationship between CRP and body mass index (BMI),183 
our contradictory results may have been attributed to clinical differences found in our study 
population compared to Holmes and Marcelli. Our population on average had a higher BMI and 
clinically higher levels of CRP (mean BMI= 31.0; mean CRP= 5.5) at baseline, indicating high 
cardiovascular risks,58 compared to Holmes and Marcelli’s study population (mean BMI= 25.8; 
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mean CRP= 2.5).181 In contrast, a study conducted by Neergheen et al. did not find any 
significant association between social cohesion and CRP overall.152 However, White and African 
American men living in highly cohesive neighborhoods were more likely to have higher CRP 
levels (although this was not statistically significant).152 Additionally, Nazmi et al. found that 
high neighborhood social cohesion was associated with higher levels of CRP in women, and that 
race/ethnicity was a strong predictor for both neighborhood characteristic and CRP.46 Based on 
these findings, we hypothesize that gender and race may play a role in the relationship between 
CRP and social cohesion and warrants further investigation, particularly since CRP levels have 
been shown to vary by race and gender in other population-based work.184,185 Finally, our elderly 
participants (≥65 years), which made up 21% (N=179) of our cross-sectional study sample, may 
have been unique in term of their baseline CRP levels. We found that our participants ≥65 years 
had lower CRP levels than those aged 35–64 years, which contradicted previous work done on 
healthy men and women in the US showing an increase in CRP levels with increased age.183,186 
We contend that the higher CRP levels found among our participants aged 35–64 years, 
compared to the elderly population, may have influenced our study findings since those reporting 
high social cohesion were mostly mid-aged adults (35–64 years).  
In our analysis, we did not find a significant association between IL-6 and social 
cohesion. Levels of IL-6 showed no significant variation across the three social cohesion 
categories, which did not complement the scant existing literature examining neighborhood 
characteristics and IL-6. In a study including 134 African American women, Neergheen et al. 
concluded that high social cohesion was cross-sectionally associated with lower levels of IL-6.152 
Additionally, a longitudinal study assessing neighborhood characteristics and changes in 
inflammatory markers over time found an inverse association between social cohesion and IL-6, 
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but results were not significant after adjusting for specific variables.46 The authors also observed 
a greater rise in IL-6 levels with higher neighborhood deprivation, higher neighborhood 
problems, and lower levels of safety overtime.46 Other investigations of IL-6 and different 
neighborhood characteristics had similar conclusions. For example, Petersen et al. reported a 
significant inverse association between IL-6 and neighborhood SES after adjusting for 
demographics and lifestyle factors.86 In summary, these results suggest that neighborhood 
characteristics may have a significant impact on pro-inflammatory markers (i.e. IL-6 and CRP), 
but due to limited and inconsistent findings researchers are unable to make solid conclusions on 
the strength and direction of the biological link, warranting further investigation.  
Our analysis also provided an assessment of social cohesion and immunological changes 
in herpesviruses and pro-inflammatory biomarkers over a one-year period during the Great 
Recession. We found that from 2008 to 2009, the greatest rise in levels for three biomarkers 
(CMV, HSV-1, and CRP) were observed among participants living in neighborhoods with 
medium social cohesion level. Given that a large proportion of individuals living in medium 
socially cohesive neighborhoods also reported having middle-income and/or receiving at least 
some college education, we believe that our results were consistent with the theory that middle-
class individuals were most vulnerable to diminishing health during the Great Recession.92,187 
Even though the impact of the Great Recession was ubiquitous, there is a growing body of 
evidence to suggest that the neighborhood-level economic stress was particularly felt by middle-
class families.92,159,160,187 Our findings reveal that participants living in medium socially cohesive 
neighborhoods were more sensitive to increased changes in immunological biomarkers, 
indicating a reduction in immune function, compared to those living in low and high socially 
cohesive neighborhoods. Similarly, McClure et al. demonstrated that during the Great Recession, 
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residents in neighborhoods with a high number of abandoned homes and home foreclosure were 
more likely to have decreased thymic function, particularly among middle-income residents.92 
Another study found worsening blood pressure and fasting glucose levels among younger adults 
and older homeowners following the Great Recession.159 These findings suggest that targeted 
interventions focused on reducing recession-related foreclosure and blight should also consider 
the health of individuals living in neighborhoods that were most impacted by the Great 
Recession.  
An important strength of this analysis was its utilization of data from a population-based 
cohort study collected over a one-year period. Our study sample was representative of the Detroit 
population during the peak of the Great Recession 2008–2009 and included individuals living in 
a wide range of different neighborhoods throughout Detroit. To measure neighborhood social 
cohesion, we used a validated instrument and reliable scale previously used in other studies.92,132 
Our analysis also compared the levels of four different immunological biomarkers in response to 
neighborhood social cohesion within the same cohort. Selection of the immunological 
biomarkers was based on our current understanding of the psychosocial stress pathway. Prior 
studies on neighborhood and health have examined biomarkers that are either implicated in 
general inflammatory processes46,86,152,181 or some herpesviruses.157,158 However, our study 
included both inflammatory markers and herpesviruses for direct comparison. Additionally, 
some of these immunological biomarkers included in our analysis may serve as precursors or 
strong indicators of chronic disease (i.e. CRP levels can be used to evaluate the risk of 
developing coronary artery disease), and can be targeted as an early intervention strategy.58 
Moreover, while data on the association between social cohesion and inflammation currently 
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exist, our research provided additional information by examining inflammatory biomarker 
changes over a one-year period, particularly during the Great Recession.  
While our analysis was among the first to examine the association between neighborhood 
social cohesion and various immunological biomarkers, the limitations in our study should be 
noted. First, the herpesvirus IgG antibody levels used in the present study were surrogate 
markers of cell-mediated immunity, providing an indirect measurement. Future studies should 
consider more direct measures of cell-mediated immunity, such as cytotoxic T-lymphocytes and 
thymic function.188 Second, our analysis was restricted to CMV and HSV-1 seropositive 
individuals, and we did not investigate whether exposure to social cohesion influenced 
seroconversion due to the small number of seronegative participants in our sample (seronegative 
CMV=22%; seronegative HSV-1=7%). However, because seroconversion has been linked to the 
transmission of  herpesviruses,189 future studies should explore whether the social environment is 
associated with seroconversion in an effort to explain existing disparities in herpesvirus 
infections.9 Our study was also limited by a small sample size for the one-year change analysis, 
which may have resulted in selection bias since individuals who provided two blood specimens 
in DNHS were slightly different from those who provide one or no sample. We believe that 
larger population-based studies in this research area would move the field forward. Next, the 
baseline CRP levels for our analytic sample (mean CRP=1.77 mg/L) were clinically higher than 
the general US population reported in the 2007–2010 NHANES (mean CRP=1.66 mg/L).190 It 
has been demonstrated that African Americans on average have higher CRP levels compared to 
other racial/ethnic groups184,185,190 and the proportion of African Americans (81%) in our study 
was greater than that found in NHANES (11%).190 Although our models were adjusted for 
several confounders, future studies should also consider possible modifiers like exposure to 
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trauma and access to psychosocial resources, which have been previously linked to elevated 
inflammation levels and compromised physiological function.191,192 Finally, our analysis was 
mainly cross-sectional in design and included a change model for biomarkers over a one-year 
period with the exposure and covariates collected at baseline only. As a result, we were unable to 
draw firm conclusions about the causal mechanisms underlying the statistical associations 
between neighborhood social cohesion and cell-mediated immunity or inflammation levels. For 
this reason, we contend that longer follow-up time deserves further exploration to untangle 
causal effects and life course impacts of neighborhood characteristics on immunological 
biomarkers.   
4.6 Conclusion 
Overall, our study examined the distribution of four immunological biomarkers, 
including indirect cell-mediated immune biomarkers of infection and pro-inflammatory markers, 
and demonstrated variability in both the strength and direction of their association with 
neighborhood social cohesion. Taken together, we found that higher levels of social cohesion 
may act as a protective factor or stress buffer preserving cell-mediated immunity, but not 
inflammation. Currently, there are limited data relating neighborhood characteristics to salient 
immune parameters in population-based studies, therefore exploring the impact of the 
neighborhood on immunity is relatively novel. Hence, the application of immunological 
biomarkers into studies of neighborhood stressors or stress buffering exposures, is essential for 
providing research-based evidence that support plausible biological mechanisms illustrating how 
the social environment gets “under the skin” to affect health. Moreover, our recognition of the 
neighborhood social environment as a significant predictor of immunity warrants further 
investigation into the mediating role of immune function in the relationship between 
neighborhood disadvantage and health. Such efforts may help elucidate pathways through which 
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neighborhood social connections buffers the impact of area-level stressors on immunity and 





4.7 Main tables and figures 
Table 1. Frequency and proportions of participants’ characteristics by neighborhood social cohesion 













Total 749 (100.0) 265 (35.7) 243 (31.6) 241 (32.7)  
Sex      
      Male  316 (41.6) 110 (40.9) 110 (45.6) 96 (38.5)  
      Female 433 (58.4) 155 (59.1) 133 (54.4) 145 (61.5) 0.0309 
Age category       
      ≤34  103 (17.9) 47 (22.6) 31 (17.0) 25 (13.6)  
      35-44 115 (15.4) 47 (17.5) 32 (12.9) 36 (15.5)  
      45-64 352 (45.5) 120 (42.8) 112 (45.1) 120 (48.8)  
      ≥65 179 (21.3) 51 (17.2) 68 (25.0) 60 (22.2) <.0001 
Race/ethnicity       
      White  94 (9.3) 30 (8.2) 32 (9.6) 32 (10.3)  
      Non-white 653 (90.7) 235 (91.8) 210 (90.4) 208 (89.7) 0.3929 
      Missing  2     
Annual income       
      <$25,000 366 (51.4) 146 (58.8) 126 (54.3) 94 (40.7)  
      $25,000–$49,999 194 (27.8) 57 (23.4) 63 (28.2) 74 (32.1)  
      ≥$50,000 138 (20.8) 42 (17.8) 38 (17.5) 58 (27.2) <.0001 
      Missing 51     
Education       
      <High school  124 (13.4) 52 (16.2) 47 (15.7) 25 (8.2)  
      HS graduate/ GED 220 (29.8) 91 (34.9) 70 (29.7) 59 (24.3)  
      Some college  266 (35.1) 82 (30.9) 94 (38.3) 90 (36.6)  
      College/ Graduate Degree 139 (21.7) 40 (18.0) 32 (16.2) 67 (30.9) <.0001 
Homeownership      
      Homeowner 391(51.7) 125 (45.9) 122 (48.8) 144 (60.8)  
      Non-homeowner 357 (48.3) 140 (54.1) 120 (51.2) 97 (39.2) <.0001 
      Missing  1     
Employment status       
      Employed  253 (36.0) 82 (32.5) 73 (32.3) 98 (43.3)  
      Not in the labor force 341 (43.2) 116 (42.2) 123 (48.2) 102 (39.5)  
      Unemployed 148 (20.8) 63 (25.3) 44 (19.6) 41 (17.2) <.0001 
      Missing  7     
Marital status      
      Married  177 (23.0) 62 (21.9) 55 (21.6) 60 (25.6)  
      Previously married  303 (38.8) 104 (37.5) 93 (36.9) 106 (42.0)  
      Never married  269 (38.2) 99 (40.7) 95 (41.5) 75 (32.4) 0.0058 
Physical health status       
      Excellent/very good/good  499 (68.4) 155 (60.7) 168 (71.4) 176 (73.8)  
      Fair/ poor  249 (31.6) 109 (39.3) 75 (28.6) 65 (26.2) <.0001 
      Missing  1     
CMV level      
      Low  194 (34.8) 69 (35.1) 68 (36.3) 57 (33.1)  




      High  185 (31.8) 71 (35.3) 62 (31.6) 52 (28.2) 0.0204 
      Missing  176     
HSV-1 level      
      Low  233 (35.9) 84 (35.0) 73 (35.0) 76 (37.9)  
      Medium 233 (34.9) 80 (33.5) 82 (36.8) 71 (34.5)  
      High  207 (29.3) 79 (31.5) 66 (28.3) 62 (27.6) 0.4221 
      Missing  76     
CRP level      
      Low  239 (34.4) 92 (37.3) 82 (36.2) 65 (29.5)  
      Medium 165 (22.8) 62 (24.4) 55 (23.0) 48 (20.8)  
      High  306 (42.8) 98 (38.4) 96 (40.8) 112 (49.7) 0.0007 
      Missing  39     
IL-6 level      
      Low  135 (21.2) 46 (20.3) 49 (23.4) 40 (19.8)  
      Medium 365 (51.2) 130 (52.8) 116 (48.7) 119 (52.0)  
      High  201 (27.7) 69 (27.0) 65 (27.9) 67 (28.2) 0.4582 







Table 2. Weighted Mean and standard deviation (SD) of herpesvirus IgG antibody (CMV and HSV-1) 
and inflammation (log CRP and log IL-6) levels by participants’ characteristics at baseline for cohort 1 
and cohort 2 combined (weighted) — DNHS Detroit, Michigan 2008–2009 
Demographic  
 






Log CRP  
(mg/L) 
Mean (SD) 
Log IL-6  
(pg/mL) 
Mean (SD) 
Total      
      Mean 5.43 5.27 0.57 1.02 
      Standard deviation  4.05 5.97 2.86 1.34 
      Median  5.24 4.66 0.81 0.99 
      Minimum  1.00 1.00 -3.69 -1.39 
      Maximum  12.94 16.54 4.60 3.54 
Sex     
      Male  4.95 (4.34) 5.45 (6.16) 0.24 (2.91) 0.94 (1.42) 
      Female 5.72 (3.78) 5.16 (5.83) 0.80 (2.76) 1.08 (1.30) 
Age category      
      ≤34  4.23 (4.31) 3.87 (6.09) -0.11 (3.84) 0.52 (1.68) 
      35-44 5.32 (4.17) 4.91 (5.46) 0.65 (2.54) 0.92 (1.25) 
      45-64 5.69 (4.05) 5.58 (5.88) 0.83 (2.61) 1.15 (1.24) 
      ≥65 5.78 (3.50) 5.99 (5.97) 0.52 (2.66) 1.20 (1.13) 
Race/ethnicity      
      White  5.02 (3.80) 5.23 (5.66) 0.29 (2.40) 1.03 (1.12) 
      Non-white 5.50 (4.09) 5.28 (6.01) 0.60 (2.91) 1.02 (1.38) 
Income      
      <$25,000 5.52 (4.05) 5.26 (5.66) 0.60 (2.89) 1.05 (1.35) 
      $25,000–$49,999 5.60 (3.80) 5.39 (6.40) 0.76 (2.79) 1.07 (1.31) 
      ≥$50,000 5.06 (4.17) 5.27 (6.19) 0.30 (2.92) 0.90 (1.27) 
      Missing 5.12  4.95  0.43  0.96  
Education      
      <High school  5.70 (3.33) 5.93 (5.37) 0.69 (2.44) 1.11 (1.03) 
      HS graduate/ GED 5.20 (4.09) 5.61 (6.14) 0.50 (3.08) 1.02 (1.50) 
      Some college  5.60 (4.12) 5.03 (5.98) 0.76 (2.69) 1.08 (1.30) 
      College/ Graduate Degree 5.24 (4.48) 4.80 (6.06) 0.29 (3.09) 0.88 (1.40) 
Homeownership      
      Homeowner 5.43 (3.86) 5.50 (6.08) 0.49 (2.60) 1.02 (1.30) 
      Non-homeowner 5.42 (4.23) 5.05 (5.85) 0.66 (3.10) 1.02 (1.41) 
      Missing  8.30 5.50 -2.12 1.19 
Employment status      
      Employed  5.30 (4.30) 5.00 (6.13) 0.48 (2.91) 0.90 (1.43) 
      Not in the labor force  5.77 (3.74) 5.54 (5.87) 0.66 (2.75) 1.21 (1.18)  
      Unemployed 4.87 (4.20) 5.15 (5.95) 0.59 (3.02)  0.89 (1.44) 
      Missing  5.99  6.88  -0.42  0.78  
Marital status     
      Married  5.31 (3.93) 6.00 (6.70) 0.57 (2.70) 1.06 (1.23) 
      Previously married  5.71 (3.63) 5.48 (5.40) 0.70 (2.60) 1.14 (1.22) 
      Never married  5.16 (4.60) 4.62 (5.98) 0.43 (3.22) 0.88 (1.50) 
Physical health status      
      Excellent/ very good/ good  5.26 (4.10) 5.20 (6.07) 0.37 (2.83) 0.92 (1.40) 
      Fair/ poor  5.76 (3.90) 5.41 (5.77) 1.00 (2.79) 1.25 (1.19) 




Table 3. OLS regression models assessing the association between neighborhood social cohesion and 
herpesvirus IgG antibody (CMV and HSV-1) and inflammation levels (log CRP and log IL-6) — DNHS 











                                        Cross-sectional (cohort 1 and cohort 2 combined) 
CMV IgG antibody     
      Low social cohesion 0.31 -0.18 to 0.80  0.27 -0.25 to 0.79 
      Medium social cohesion 0.12 -0.39 to 0.62 0.12 -0.40 to 0.64 
      High social cohesion Ref Ref Ref Ref 
HSV-1 IgG antibody     
      Low social cohesion 0.48     -0.19 to 1.14 0.71 0.02 to 1.40 
      Medium social cohesion 0.11  -0.58 to 0.79 -0.09 -0.79 to 0.61 
      High social cohesion Ref Ref Ref Ref 
Log CRP (mg/L)     
      Low social cohesion -0.45 -0.76 to -0.15 -0.62 -0.93 to -0.30 
      Medium social cohesion -0.42 -0.73 to -0.10 -0.43 -0.75 to -0.10 
      High social cohesion Ref Ref Ref Ref 
Log IL-6 (pg/mL)     
      Low social cohesion -0.02 -0.16 to 0.13 -0.03  -0.18 to 0.12 
      Medium social cohesion -0.03 -0.18 to 0.12 -0.01 -0.16 to 0.14 
      High social cohesion Ref Ref Ref Ref 
                                     1-year change (cohort 1 in wave 1 and wave 2) 
CMV IgG antibody     
      Low social cohesion 0.24 -0.08 to 0.56 0.36 -0.01 to 0.73 
      Medium social cohesion 0.33 0.01 to 0.66 0.38 0.003 to 0.76 
      High social cohesion Ref Ref Ref Ref 
HSV-1 IgG antibody     
      Low social cohesion -0.30 -0.77 to 0.17 -0.30 -0.82 to 0.22 
      Medium social cohesion 0.04 -0.44 to 0.52 0.002 -0.53 to 0.54 
      High social cohesion Ref Ref Ref Ref 
Log CRP (mg/L)     
      Low social cohesion 0.07 -0.43 to 0.56 -0.35 -0.85 to 0.15 
      Medium social cohesion 0.48 -0.05 to 1.01 0.29 -0.25 to 0.83 
      High social cohesion Ref Ref Ref Ref 
Log IL-6 (pg/mL)     
      Low social cohesion -0.10 -0.33 to 0.13 -0.20 -0.40 to 0.01 
      Medium social cohesion -0.04 -0.27 to 0.20 -0.10 -0.31 to 0.11 
      High social cohesion Ref Ref Ref Ref 
*Adjusted for sex, race/ethnicity, homeownership, physical health, age, employment, education, marital, 
and income; Baseline levels were adjusted in the 1-year change models only; Abbreviations: CI = 
confidence interval; Ref= reference; HSV-1= Herpes simplex virus type-1; CMV=Cytomegalovirus; IL-





Figure 1. Sample size for the cross-sectional analysis and 1-year change analysis of neighborhood social 










Figure 2a. Mean herpesvirus IgG antibody levels (CMV and HSV-1) by neighborhood social cohesion 
for cohort 1 and cohort 2 combined at baseline (weighted, unadjusted estimates) — DNHS, Detroit, MI 
20008–2009 









Figure 2b. Mean log inflammation levels (CRP and IL-6) by neighborhood social cohesion for cohort 1 





















Figure 3: Unadjusted 1-year change in mean herpesvirus IgG antibody (CMV and HSV-1) and 
inflammation (CRP and IL-6) levels by neighborhood social cohesion for cohort 1 at wave1 to wave 2 


























4.8 Supplemental tables 
Supplemental Table 1. Frequency and proportions of participants’ characteristics by analytics study 




















Sex     
      Male  867 (41.7) 551 (41.5) 316 (42.0) 97 (37.9) 
      Female 1214 (58.3) 778 (58.5) 436 (58.0) 162 (62.1) 
Age category      
      <34  357 (17.3) 254 (19.3) 103 (13.7) 26 (13.5) 
      35-44 321 (15.5) 205 (15.6) 116 (15.4) 37 (14.6) 
      45-64 946 (45.7) 593 (45.1) 353 (46.9) 142 (53.0) 
      65+ 444 (21.5) 264 (20.1) 180 (23.9) 54 (19.0) 
      Missing  13 13 0 0 
Race/ethnicity      
      White  192 (9.3) 97 (7.4) 95 (12.7) 32 (9.5) 
      Non-white 1878 (90.7) 1223 (92.7) 655 (87.3) 226 (90.5) 
      Missing  11 9 2 1 
Income      
      <$25,000 895 (48.1) 526 (45.4) 369 (52.6) 130 (52.4) 
      $25,000–$49,999 519 (27.9) 325 (28.1) 194 (27.7) 57 (23.4) 
      $50,000 445 (23.9) 307 (26.5) 138 (19.7) 54 (24.2) 
      Missing 222 171 51 18 
Education      
      <High school  281 (13.5) 157 (11.8) 124 (16.5) 51 (16.0) 
      HS graduate/ GED 626 (30.1) 403 (30.3) 223 (29.7) 74 (28.5) 
      Some college  718 (34.5) 452 (34.0) 266 (35.4) 84 (32.3) 
      College/ Graduate Degree 456 (21.9) 317 (23.9) 139 (18.5) 50 (23.2) 
Homeownership     
      Homeowner 1159 (55.7) 767 (57.7) 392 (52.2) 128 (49.6) 
      Non-homeowner 921 (44.3) 562 (42.3) 359 (47.8) 131 (50.5) 
      Missing  1  1  
Employment status      
      Employed  817 (39.7) 563 (42.8) 254 (36.0) 85 (35.1) 
      Not in the labor force 852 (41.4) 509 (38.7) 343 (43.3) 122 (45.1) 
      Unemployed 391 (18.9) 243 (18.5) 148 (20.8) 50 (19.8) 
      Missing  21 14 7 2 
Marital status     
      Married  547 (26.3) 370 (27.8) 177 (23.5) 65 (24.5) 
      Previously married  750 (36.0) 445 (33.5) 305 (40.6) 109 (40.5) 






Supplemental Table 2. Distribution of continuous variables of participants’ characteristics by 
neighborhood social cohesion at baseline for cohort 1 and cohort 2 combined — DNHS Detroit, MI 
2008–2009 (weighted) 
  














    
      Mean 16.7 11.5 17.4 21.9 
      Standard deviation 7.9 4.8 1.8 2.8 
      Median  17.0 12.0 17.0 21.0 
      Minimum  5.0 5.0 16.0 20.0 
      Maximum  25.0 15.0 19.0 25.0 
Age     
      Mean 51.3 48.8 52.2 53.2 
      Standard deviation  28.4 28.8 28.3 27.5 
      Median  53.0 50.0 53.0 54.0 
      Minimum  18.0 18.0 18.0 19.0 
      Maximum  95.0 90.0 92.0 95.0 
CMV IgG levels     
      Mean 5.4 5.6 5.4 5.3 
      Standard deviation 4.0 4.3 4.2 3.6 
      Median  5.2 5.6 5.3 5.0 
      Minimum  1.0 1.0 1.0 1.0 
      Maximum  12.9 12.2 12.9 10.8 
HSV-1 IgG levels     
      Mean 5.3 5.5 5.2 5.1 
      Standard deviation  5.9 6.2 5.8 5.8 
      Median  4.7 4.9 4.5 4.2 
      Minimum  1.0 1.0 1.0 1.0 
      Maximum  16.5 16.5 16.2 14.7 
Log CRP levels     
      Mean 0.6 0.4 0.5 0.9 
      Standard deviation  2.9 2.9 3.0 2.5 
      Median  0.8 0.8 0.6 1.1 
      Minimum  -3.7 -3.7 -3.7 -2.7 
      Maximum  4.6 4.4 4.5 4.6 
Log IL-6 levels     
      Mean 1.0 1.0 1.0 1.0 
      Standard deviation  1.3 1.2 1.6 1.2 
      Median  0.9 0.9 1.0 0.9 
      Minimum  -1.6 -0.7 -1.4 -0.6 
      Maximum  3.5 3.3 3.5 2.8 
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Supplemental Table 3. Mean and standard deviation (SD) of herpesvirus IgG antibody (CMV and HSV-
1) and inflammation (CRP and IL-6) levels by participants’ characteristics at baseline for cohort 1 and 




















Total      
      Mean 5.43 5.27 0.57 1.02 
      Standard deviation  4.05 5.97 2.86 1.34 
      Median  5.24 4.66 0.81 0.99 
      Minimum  1.00 1.00 -3.69 -1.39 
      Maximum  12.940 16.54 4.60 3.54 
Sex     
      Male  4.95 (4.34) 5.45 (6.16) 0.24 (2.91) 0.94 (1.42) 
      Female 5.72 (3.78) 5.16 (5.83) 0.80 (2.76) 1.08 (1.30) 
Age category      
      <34  4.23 (4.31) 3.87 (6.09) -0.11 (3.84) 0.52 (1.68) 
      35-44 5.32 (4.17) 4.91 (5.46) 0.65 (2.54) 0.92 (1.25) 
      45-64 5.69 (4.05) 5.58 (5.88) 0.83 (2.61) 1.15 (1.24) 
      65+ 5.78 (3.50) 5.99 (5.97) 0.52 (2.66) 1.20 (1.13) 
Race/ethnicity      
      White  5.02 (3.80) 5.23 (5.66) 0.29 (2.40) 1.03 (1.12) 
      Non-white 5.50 (4.09) 5.28 (6.01) 0.60 (2.91) 1.02 (1.38) 
Income      
      <$25,000 5.52 (4.05) 5.26 (5.66) 0.60 (2.89) 1.05 (1.35) 
      $25,000–$49,999 5.60 (3.80) 5.39 (6.40) 0.76 (2.79) 1.07 (1.31) 
      $50,000 5.06 (4.17) 5.27 (6.19) 0.30 (2.92) 0.90 (1.27) 
      Missing 5.12 (4.50) 4.95 (6.10) 0.43 (2.60) 0.96 (1.55) 
Education      
      <High school  5.70 (3.33) 5.93 (5.37) 0.69 (2.44) 1.11 (1.03) 
      HS graduate/ GED 5.20 (4.09) 5.61 (6.14) 0.50 (3.08) 1.02 (1.50) 
      Some college  5.60 (4.12) 5.03 (5.98) 0.76 (2.69) 1.08 (1.30) 
      College/ Graduate Degree 5.24 (4.48) 4.80 (6.06) 0.29 (3.09) 0.88 (1.40) 
Homeownership      
      Homeowner 5.43 (3.86) 5.50 (6.08) 0.49 (2.60) 1.02 (1.30) 
      Non-homeowner 5.42 (4.23) 5.05 (5.85) 0.66 (3.10) 1.02 (1.41) 
      Missing  8.30 5.50 -2.12 1.19 
Employment status      
      Employed  5.30 (4.30) 5.00 (6.13) 0.48 (2.91) 0.90 (1.43) 
      Not in the labor force  5.77 (3.74) 5.54 (5.87) 0.66 (2.75) 1.21 (1.18)  
      Unemployed 4.87 (4.20) 5.15 (5.95) 0.59 (3.02)  0.89 (1.44) 
      Missing  5.99 (3.79) 6.88 (5.18) -0.42 (1.57) 0.78 (0.91) 
Marital status     
      Married  5.31 (3.93) 6.00 (6.70) 0.57 (2.70) 1.06 (1.23) 
      Previously married  5.71 (3.63) 5.48 (5.40) 0.70 (2.60) 1.14 (1.22) 
      Never married  5.16 (4.60) 4.62 (5.98) 0.43 (3.22) 0.88 (1.50) 
Physical health status      
      Excellent/ very good/ good  5.26 (4.10) 5.20 (6.07) 0.37 (2.83) 0.92 (1.40) 
 
72 
      Fair/ poor  5.76 (3.90) 5.41 (5.77) 1.00 (2.79) 1.25 (1.19) 
      Missing  7.30 11.12 -0.31 2.10 
CMV level     
      Low  2.84 (1.57)    
      Medium 5.42 (1.09)    
      High  8.27 (2.33)    
HSV-1 level     
      Low   1.73 (1.01)   
      Medium  5.02 (1.96)   
      High   9.93 (3.65)   
CRP level     
      Low    -1.36 (1.82)  
      Medium   0.57 (0.53)  
      High    2.13 (1.18)  
IL-6 level     
      Low     -0.06(0.74) 
      Medium    0.94 (0.49) 




Supplemental Table 4. Multivariable analysis assessing the cross-sectional association between 
neighborhood social cohesion and four immunological biomarker levels (CMV, HSV-1, CRP, and IL-6) 







Log CRP Estimate 
(95% CI) 
Log IL-6 Estimate 
(95% CI) 
Intercept  2.75 (1.63 to 3.88) 3.35 (1.84 to 4.86) -0.91 (-1.56 to -0.25) 0.20 (-0.11 to 0.50) 
Neighborhood Social 
Cohesion  
    
      Low  0.27 (-0.25 to 0.79) 0.71 (0.02 to 1.40) -0.62 (-0.93 to -0.30) -0.03 (-0.18 to 0.12) 
      Medium 0.12 (-0.40 to 0.64) -0.09 (-0.79 to 0.61) -0.43 (-0.75 to -0.10) -0.01 (-0.16 to 0.14) 
      High  Ref Ref Ref  Ref 
Sex     
      Female 0.67 (0.23 to 1.11) -0.23 (-0.81 to 0.35) 0.52 (0.26 to 0.79) 0.13 (0.01 to 0.25) 
      Male  Ref Ref Ref Ref 
Race/ethnicity      
      Non-white Ref Ref Ref Ref 
      White  -0.49 (-1.24 to 0.26) -0.44 (-1.45 to 0.56) -0.22 (-0.66 to 0.21) 0.009 (-0.19 to 0.21) 
Homeownership     
      Non-homeowner 0.09 (-0.39 to 0.56) -0.20 (-0.85 to 0.45) 0.20 (-0.09 to 0.50) 0.05 (-0.08 to 0.19) 
      Homeowner Ref Ref Ref Ref 
Physical health status      
      Fair/ poor  0.24 (-0.24 to 0.71) -0.17 (-0.82 to 0.47) 0.56 (0.27 to 0.86) 0.20 (0.07 to 0.34) 
      Excellent/ very good/ good  Ref  Ref Ref Ref 
Age category      
      <34  Ref Ref Ref Ref 
      35-44 0.79 (0.02 to 1.55) 1.01 (0.01 to 1.99) 0.72 (0.26 to 1.18) 0.37 (0.16 to 0.58) 
      45-64 1.12 (0.43 to 1.82) 1.83 (0.93 to 2.73) 0.87 (0.46 to 1.28) 0.58 (0.39 to 0.77) 
      65+ 1.31 (0.45 to 2.17) 2.09 (0.92 to 3.25) 0.63 (0.09 to 1.16) 0.63 (0.38 to 0.88) 
Employment status      
      Not in the labor force  0.10 (-0.47 to 0.68) -0.14 (-0.90 to 0.62) -0.01 (-0.36 to 0.34) 0.15 (-0.01 to 0.31) 
      Unemployed -0.18 (-0.82 to 0.45) 0.33 (-0.50 to 1.15) 0.24 (-0.13 to 0.62) 0.11 (-0.07 to 0.29) 
      Employed  Ref Ref Ref Ref 
Education      
      <High school  0.33 (-0.48 to 1.13) 1.54 (0.45 to 2.63) 0.43 (-0.07 to 0.93) 0.15 (-0.08 to 0.38) 
      High school graduate/ GED 0.16 (-0.50 to 0.82) 1.07 (0.20 to 1.95) 0.36 (-0.05 to 0.77) 0.18 (-0.01 to 0.36) 
      Some college  0.42 (-0.20 to 1.04) 0.60 (-0.21 to 1.41) 0.47 (0.10 to 0.85) 0.18 (0.01 to 0.35) 
      College/ Graduate Degree Ref Ref Ref Ref 
Marital status     
      Previously married  0.21 (-0.34 to 0.76) -0.37 (-1.12 to 0.38) -0.04 (-0.39 to 0.30) -0.01 (-0.18 to 0.15) 
      Never married  0.36 (-0.26 to 0.98) -0.70 (-1.52 to 0.12) -0.01 (-0.38 to 0.37)  0.05 (-0.13 to 0.22) 
      Married  Ref Ref Ref Ref 
Income      
      <$25,000 0.14 (-0.52 to 0.81) -0.37 (-1.26 to 0.51) -0.04 (-0.45 to 0.37) -0.05 (-0.23 to 0.14) 
      $25,000–$49,999 0.36 (-0.29 to 1.00) -0.01 (-0.86 to 0.84) 0.29 (-0.10 to 0.68) 0.06 (-0.12 to 0.24) 




Supplemental Table 5. Mean and standard deviation (SD) of 1-year change herpesvirus IgG antibody 
(CMV and HSV-1) and inflammation (CRP and IL-6) levels by participants’ characteristics at baseline for 
















Log IL-6 levels 
(pg/mL) 
Mean (SD) 
Total      
      Mean -0.05 0.15 0.24 0.17 
      Standard deviation (SD) 1.54 2.52 2.40 1.12 
      Median  -0.06 0.00 0.15 0.10 
      Minimum  -7.15 -9.78 -5.48 -2.34 
      Maximum  2.89 12.15 7.05 2.84 
Sex     
      Male  0.07 (1.70) 0.01 (2.50) 0.36 (2.46) 0.19 (1.28) 
      Female -0.10 (1.45) 0.23 (2.53) 0.17 (2.35) 0.15 (1.01) 
Age category      
      <34  0.25 (1.34) 0.25 (1.26) 0.19 (2.37) 0.18 (1.27) 
      35-44 -0.19 (1.12) -0.21 (1.54) 0.20 (2.09) -0.00 (1.09) 
      45-64 -0.10 (1.81) 0.24 (2.90) 0.05 (2.37) 0.07 (1.23) 
      65+ 0.00 (1.02) 0.12 (2.44) 0.08 (2.48) 0.10 (0.94) 
Race/ethnicity      
      White  0.03 (0.95) 0.04 (1.30) -0.02 (2.11) -0.06 (1.11) 
      Non-white -0.05 (1.60) 0.16 (2.64) 0.12 (2.38) 0.09 (1.16) 
Income      
      <$25,000 0.06 (1.15) 0.12 (2.94) 0.05 (2.49) 0.14 (1.21) 
      $25,000–$49,999 -0.15 (2.23) 0.16 (1.93) -0.05 (2.48) -0.04 (1.15) 
      $50,000 -0.18 (1.75) 0.26 (2.21) 0.39 (1.89) 0.10 (1.02) 
      Missing -0.15 (0.76) -0.06 (1.65) -0.15 (2.01) -0.02 (1.16) 
Education      
      <High school  -0.07 (1.07) -0.10 (1.40) 0.16 (2.26) 0.21 (1.09) 
      High school graduate/ GED -0.05 (2.07) 0.12 (2.83) 0.03 (2.00) 0.10 (1.19) 
      Some college  -0.04 (1.45) 0.37 (2.81) -0.10 (2.54) -0.01 (1.08) 
      College/ Graduate Degree -0.03 (1.04) 0.05 (2.37) 0.39 (2.55) 0.09 (1.30) 
Homeownership     
      Homeowner -0.14 (1.61) 0.36 (2.57) 0.01 (2.13) 0.04 (0.98) 
      Non-homeowner 0.03 (1.47) -0.06 (2.42) 0.18 (2.52) 0.12 (1.30) 
Employment status      
      Employed  0.03 (1.73) 0.00 (2.56) 0.06 (1.90) 0.08 (1.20) 
      Not in the labor force -0.10 (1.61) 0.27 (2.74) 0.16 (2.60) 0.11 (1.05) 
      Unemployed -0.06 (0.86) 0.13 (1.74) -0.01 (2.41) 0.01 (1.41) 
     Missing  0.36 (1.69) 0.09 (3.75) 2.0 (0.00) 0.14 (0.00) 
Marital status     
      Married  -0.12 (2.02) 0.43 (2.21) 0.12 (1.98) 0.00 (1.10) 
      Previously married  0.04 (1.10) 0.11 (3.19) 0.02 (2.47) 0.07 (1.05) 
      Never married  -0.10 (1.64) 0.01 (1.47) 0.18 (2.48) 0.14 (1.34) 
Physical health status      
      Excellent/ very good/ good  -0.05 (1.37) 0.17 (2.73) 0.18 (2.40) 0.13 (1.20) 
      Fair/ poor  -0.03 (1.81) 0.12 (2.09) -0.05 (2.22) -0.01 (1.07) 




Supplemental Table 6. Multivariable 1-year change analysis assessing the association between 
neighborhood social cohesion and 1-year change in four immunological biomarkers levels (CMV, HSV-1, 







Log CRP Estimate 
(95% CI) 
Log IL-6 Estimate 
(95% CI) 
Intercept  0.47 (-0.26 to 1.20) 0.14 (-0.98 to 1.26) -0.44 (-1.33 to 0.45) 0.08 (-0.30 to 0.45) 
Neighborhood Social Cohesion      
      Low  0.36 (-0.01 to 0.73) -0.30 (-0.82 to 0.22) -0.35 (-0.85 to 0.15) -0.20 (-0.40 to 0.01) 
      Medium 0.38 (0.003 to 0.76) 0.002 (-0.53 to 0.54) 0.29 (-0.25 to 0.83) -0.10 (-0.31 to 0.11) 
      High  Ref Ref Ref  Ref  
Sex     
      Male  Ref Ref Ref Ref 
      Female -0.19 (-0.51 to 0.12) 0.35 (-0.10 to 0.80) -0.14 (-0.57 to 0.29) -0.04 (-0.22 to 0.13) 
Race/ethnicity      
      Non-white Ref Ref Ref Ref 
      White 0.13 (-0.37 to 0.64) -0.31 (-1.05 to 0.42) -0.40 (-1.06 to 0.25) -0.07 (-0.34 to 0.19) 
Homeownership     
      Homeowner Ref Ref Ref Ref 
      Non-homeowner 0.16 (-0.16 to 0.49) -0.50 (-1.00 to 0.006) 0.36 (-0.15 to 0.87) 0.17 (-0.03 to 0.37) 
Physical health status      
      Excellent/ very good/ good  Ref  Ref Ref Ref 
      Fair/ poor  0.09 (-0.24 to 0.42) -0.17 (-0.66 to 0.31) 0.37 (-0.10 to 0.83) -0.008 (-0.20 to 0.19) 
Age category      
      <34  Ref Ref Ref Ref 
      35-44 -0.43 (-0.98 to 0.12) -0.47 (-1.30 to 0.35) 0.63 (-0.13 to 1.39) 0.22 (-0.09 to 0.54) 
      45-64 -0.33 (-0.83 to 0.17) -0.19 (-0.93 to 0.55) 0.58 (-0.10 to 1.27) 0.46 (0.18 to 0.75) 
      65+ -0.07 (-0.70 to 0.56) -0.56 (-1.49 to 0.37) 0.59 (-0.29 to 1.48) 0.45 (0.09 to 0.81) 
Employment status      
      Employed  Ref Ref Ref Ref 
      Not in the labor force       -0.38 (-0.76 to 0.01) 0.52 (-0.04 to 1.08) 0.37 (-0.15 to 0.89) 0.08 (-0.14 to 0.30) 
      Unemployed  -0.25 (-0.68 to 0.18)  0.43 (-0.20 to 1.06) 0.29 (-0.31 to 0.88) 0.04 (-0.21 to 0.29) 
Education      
      <High school  0.02 (-0.41 to 0.46) -0.009 (-0.79 to 0.77) -0.41 (-1.15 to 0.33) 0.29 (-0.01 to 0.59) 
      HS graduate/ GED -0.16 (-0.62 to 0.30) 0.34 (-0.32 to 1.00) -0.45 (-1.08 to 0.17) 0.24 (-0.01 to 0.48) 
      Some college  -0.15 (-0.67 to 0.38) 0.56 (-0.06 to 1.19) -0.54 (-1.16 to 0.07) 0.14 (-0.11 to 0.38) 
      College/ Graduate Degree Ref Ref Ref Ref 
Marital status     
      Married  Ref Ref Ref Ref 
      Previously married  0.12 (-0.28 to 0.52) -0.41 (-0.98 to 0.16) -0.09 (-0.62 to 0.45) 0.07 (-0.16 to 0.29) 
      Never married  -0.32 (-0.78 to 0.14) -0.32 (-0.98 to 0.34) -0.05 (-0.67 to 0.57) 0.11 (-0.14 to 0.37) 
Income      
      <$25,000 0.39 (-0.05 to 0.84) 0.01 (-0.65 to 0.67) -0.26 (-0.86 to 0.34)  -0.10 (-0.34 to 0.15) 
      $25,000–$49,999 0.17 (-0.29 to 0.64) -0.21 (-0.87 to 0.45) 0.008 (-0.62 to 0.64) -0.14 (-0.39 to 0.11) 
      $50,000 Ref Ref Ref Ref 




Supplemental Figure 1a: Distribution of herpesvirus IgG antibody (CMV) by neighborhood social cohesion at baseline for cohort 1 and cohort 2 
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Supplemental Figure 1b: Distribution of herpesvirus IgG antibody (HSV-1) by neighborhood social cohesion at baseline for cohort 1 and cohort 
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Supplemental Figure 1c: Distribution of log inflammation levels (CRP) by neighborhood social cohesion at baseline for cohort 1 and cohort 2 
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Supplemental Figure 1d: Distribution of log inflammation levels (IL-6) by neighborhood social cohesion at baseline for cohort 1 and cohort 2 
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Supplemental Figure 2: Distribution of unadjusted 1-year change in mean herpesvirus IgG antibody 
(CMV and HSV-1) and log inflammation (CRP and IL-6) levels by neighborhood social cohesion for 










CHAPTER 5: DIFFERENTIAL LEVEL OF IMMUNOLOGICAL BIOMAKERS BY 
NEIGHBORHOOD SOCIAL COHESION – DOES EXPOSURE TO TRAUMATIC 
EVENTS AND ACCESS TO PSYCHOSOCIAL RESOURCES MATTER?  
5.1 Overview 
The objective of this study was to determine effect measure modification by exposure to 
traumatic events and access to psychosocial resources (PSR) on the association between 
neighborhood social cohesion and immunological biomarkers linked to adverse health outcomes. 
Using data from the population-based cohort of the Detroit Neighborhood Health Study (DNHS), 
measures of traumatic events, psychosocial resources, neighborhood social cohesion, and four 
immunological biomarkers were obtained from 749 adults (≥18 years) during 2008–2009. 
Exposure to traumatic events was evaluated using a validated list of 19 events that was summed 
to create a score and dichotomized as <8 or ≥8 number of traumatic events. Access to 
psychosocial resources was assessed using three items that were summed and dichotomized as 
high or low access to psychosocial resources. Neighborhood social cohesion was categorized as 
low, medium, and high using sum scores created from five validated statements. Levels of 
immunological biomarkers included immunoglobulin G (IgG) antibodies against herpes simplex 
virus type-1 (HSV-1) and cytomegalovirus (CMV), Interleukin-6 (IL-6), and C-reactive protein 
(CRP), and were modeled as continuous variables. Regression models were conducted to assess 
the association between social cohesion and each biomarker stratified by trauma and 
psychosocial resources. Approximately 75% of participants reported <8 traumatic events in their 
lifetime and 87% had high access to psychosocial resources (such as having friends or relative to 




low socially cohesive neighborhoods, participants with high access to psychosocial resources had 
significantly lower CRP levels (high PSR: 0.26; low of PSR: 1.05; p-value: 0.0048) compared to 
those with low access to psychosocial resources. This trend was also observed for CMV, HSV-1, 
and IL-6 levels, but was not statistically significant. In the multivariable models, CRP levels 
were significantly lower in low and medium social cohesion compared to high social cohesion 
(referent category) when stratified by high access to psychosocial resources (low NSC β=-0.79, 
95% CI:-1.13 to -0.45; medium NSC β=-0.40, 95% CI: -0.73 to -0.06). Participants with low 
access to psychosocial resources had higher levels of IgG antibodies against CMV (β=2.28, 95% 
CI: 0.32 to 4.24) if they lived in neighborhood with medium social cohesion versus the referent. 
The trauma-stratified multivariable models demonstrated elevated levels of IgG antibodies 
against HSV-1 (β=1.90, 95% CI: 0.55–3.25) and IL-6 (β=0.31, 95% CI: 0.004‒0.61) among 
participants who reported ≥8 traumatic events while living in low socially cohesive 
neighborhoods compared to the referent. For participants with <8 traumatic events, lower CRP 
levels in low and medium social cohesion versus the referent (low NSC β=-0.90, 95% CI:-1.26 
to -0.54; medium NSC β=-0.54, 95% CI: -0.90 to -0.19). Our study results suggest that less 
exposure to traumatic events and higher access to psychosocial resources may buffer the effects 
of neighborhood social cohesion on immunological biomarker levels. Future research should 
examine the pathways through which trauma and psychosocial resources are protective for cell-
mediated immunity and inflammation. 
5.2 Background  
The importance of the neighborhood social environment on health, 67,95,132,193-195 can be 
described through the provision of basic infrastructure and resources influencing social 
connections, social participation, cohesion, and collective efficacy.196,197 Recently, researchers 




particularly immunological biomarkers.46,92,152,157,181 Compelling evidence suggest that living in a 
stressful environment can “get under the skin”, influence changes in biological markers, and 
ultimately affect our health.44,197-199 Living in low socially cohesive neighborhoods, characterized 
by fragmented social networks and low level of social integration, has been found to impact a 
number of biological parameters such as cortisol levels, inflammation, immune function, and 
telomere length.44,46,92,152,157,181,200 Yet, results from these studies have been inconsistent, 
particularly for inflammatory biomarkers (such as CRP and IL-6), whereby some researchers 
have demonstrated positive associations with neighborhood social cohesion and others have 
found negative or no associations.46,152,181 These heterogeneous results on neighborhood social 
cohesion and biological parameters may suggest that other unknown factors are at play. 
The interconnectedness of the social environment and trauma and its impact on health 
outcomes have been previously documented. The social environment plays an essential role in 
making people feel safe, supported, and in control of their lives, which are important elements 
needed to restore controllability and develop coping skills following exposure to a traumatic 
event.43,132,201 Conversely, the lack of social support found in low socially cohesive 
neighborhoods may diminish the perception of safety and control, and increase negative valence 
among those who previously experienced a traumatic event.43,132,201 Moreover, low levels of 
social cohesion have been associated with exposure to traumatic events,132,202,203 heightening  
vulnerability to biological changes (such as elevated inflammation), and adverse health 
outcomes.109 Despite these data, no study has yet to investigate the possible ways in which 
exposure to trauma modifies the association between social cohesion and immunological 




Another potential modifier in the relationship between social cohesion and changes in 
immunological biomarkers is access to psychosocial resources. Access to psychosocial 
resources, in the form of support from family or friends and coping strategies, has been posited 
to protect individuals against deleterious effects of stress.204-206 It is hypothesized that when an 
individual is exposed to stress, having access to various psychosocial resources can serve as a 
buffer or coping mechanism to prevent adverse health outcomes.207,208 Access to psychosocial 
resources has been shown to counteract the effects of living in socioeconomically disadvantaged 
neighborhoods on depression symptoms among adults aged 18–64 years.209 The lack of such 
resources has also been linked to premature cellular aging, inflammation, coronary heart disease, 
and depression.210-214 Furthermore, access to psychosocial resources may modify the associations 
between obesity–blood pressure, socioeconomic status–inflammation markers, chronic disease–
depression, and caregiving–depression.204,211,215,216 Given these findings, it is probable that 
psychosocial resources may act as a modifier in the relationship between neighborhood social 
cohesion and salient immunological biomarkers, yet this remains unexplored.  
Taken together, we hypothesize that exposure to fewer traumatic events and access to 
more psychosocial resources, may buffer any negative effects of living in neighborhoods with 
low levels of social cohesion on immunological biomarkers. Using two indirect measures of cell-
mediated immunity (IgG antibody levels against herpesviruses) and two pro-inflammatory 
markers, this study examined whether the association between each immunological biomarker 








5.3.1 Study population 
We used available data from the DNHS, a five-year population-based cohort of 2081 
individuals (aged ≥ 18 years) living in Detroit during 2008–2012. Our cross-sectional analysis 
was restricted to baseline data from cohort 1 (at wave1) and cohort 2 (at wave 2). A total of 749 
participants were included in this analysis (see Figure 4). Our study sample was more educated 
(54% vs. 39% received some college or more) and older (71% vs. 48% were 45 years or older ) 
than the Detroit population (based on data from 2005–2007 American Community Survey (ACS) 
Public Use Microdata Sample) (data not shown).128,162 Therefore, we incorporated sample 
weights using the Inverse Probability Weight (IPW) method.143,144 These sample weights were 
applied to our analysis to improve the representativeness of our analytical results to the Detroit 
population. Detailed information about the study population, DNHS sampling frame, recruitment 
procedure, and data collection process can be found elsewhere.51,128,162,163 All study participants 
provided informed consent to participate in DNHS, which was approved by the Institutional 




Cell-mediated immune response. We utilized serum IgG antibodies against HSV-1 and 
CMV to measure cell-mediated immune response. These are surrogate markers of the cell-
mediated immunity that correlate with direct markers, such as naïve to effector T-cell ratio.51 For 
this analysis, IgG antibody levels were measured as continuous variables expressed as the ratio 
of the optical density (OD) of a test sample to standard sample assayed. We restricted our 




ratio value ≥1.0.51 Potential outliers were detected and excluded using the Median Absolute 
Deviation (MAD) method.142 The distribution for CMV (N=573) and HSV-1 (N=673) levels 
approximated a normal distribution and did not require a log transformation. More details on the 
laboratory testing procedures and information on the herpesviruses can be found 
elsewhere.51,128,136 
Inflammation. IL-6 (pg/mL) and high-sensitivity CRP (mg/L) were used as our two pro-
inflammatory biomarkers to measure general inflammation. For our analysis, we measured IL-6 
and CRP as continuous outcome variables. We assigned the values 0.25 (N=18) and 0.025 
(N=36) to any IL-6 and CRP levels that fell below the limit of detection (IL-6 <0.50; CRP 
<0.05), as was previously done.128,162 We detected and excluded extreme values using the MAD 
method,142 and log-transformed IL-6 (N=701) and CRP (N=710) values to approximate a normal 
distribution. Information on how the samples were collected and stored were previously 
published.128,162 
Exposures 
Perceived neighborhood social cohesion. Our primary exposure of interest was perceived 
neighborhood social cohesion. Using a previously validated instrument, social cohesion was 
measured at baseline using five statements (Cronbach’s alpha= 0.45): (1) this is a close-knit or 
unified community; (2) people around here are willing to help their neighbors; (3) people in this 
neighborhood generally do not get along with each other (reverse coded); (4) people in this 
neighborhood do not share the same values (reverse coded); (5) people in this neighborhood can 
be trusted. A 5-point Likert scale (1=strongly disagree to 5=strongly agree)92 was assigned to 
each statement and reversed coded for two questions to retain consistency in the statements (see 




each statement, such that a higher score represented a greater degree of social cohesion (range: 
5–25). Mean imputation method was used to create a sum score for participants with 1–2 missing 
responses to any of the five statements (N=45). Participants with three or more missing 
responses (N=4) were excluded. For the analysis, the social cohesion sum score was then 
categorized into equal tertiles of low, medium, and high.132 
Modifiers 
Traumatic events. The number of traumatic events experienced in a person’s lifetime was 
collected at baseline. Trauma was assessed using a checklist of 19 items including: (1) combat or 
war-zone exposure; (2) rape; (3) sexual assault; (4) shot or stabbed; (5) tortured or kidnapped; 
(6) mugged or threatened with a weapon; (7) badly beaten; (8) serious motor vehicle accident or 
injury; (9) serious accident or injury; (10) natural disaster; (11) diagnosed with life-threatening 
disease; (12) child diagnosed with life-threatening disease; (13) witnessed murder or serious 
injury; (14) discovered a dead body; (15) learned that a close friend or relative was raped or 
sexually assaulted; (16) learned that a close friend or relative was physically attacked; (17) 
learned that a close friend or relative was seriously injured in a motor vehicle crash; (18) learned 
that a close friend or relative was injured in any accident; (19) sudden death of a close friend or 
relative. These items were not mutually exclusive. Internal consistency was checked with 
Cronbach's alpha= 0.72. Using the 19 items, trauma was quantified by summing the total number 
of traumatic events experienced. Then a sum score was created ranging from 0 to 19 for each 
participant, such that a higher score reflected a greater number of traumatic events experienced 
in one’s lifetime.133 For our analysis, the number of traumatic events was dichotomized into “≥8 
traumatic events” or “<8 traumatic events” and treated as a binary categorical variable. This 




study.138 Imputation methods were not performed for any of the missing data on traumatic events 
because we were unable to determine whether an individual experienced a traumatic event or 
not. We did not exclude any participants with missing data on trauma. More information on the 
assessment and validation of trauma in the DNHS has been previously described.138  
Psychosocial resources. Access to psychosocial resources was assessed using three items: 
(1) Among my friends or relatives, there is someone who makes me feel better when I am feeling 
down; (2) Among my friends or relatives, there is someone I go to when I need good advice; (3) 
My friends or relatives would lend me money if I needed it. A 5-point Likert scale (1=strongly 
disagree to 5=strongly agree)92 was assigned to each statement. We conducted an internal 
reliability of items by using Cronbach’s alpha (α =0.53). A sum score for psychosocial resources 
was created by summing each response, such that a higher score represented having greater 
access to psychosocial resources (range: 3–15). The sum score was then dichotomized into low 
(range: 3–10) and high (range: 11–15) access to psychosocial resources. Mean imputation 
method was used to create a score for participants with 1–2 missing responses to any of the three 
items (N=19). There were no participants with three missing responses, and we did not exclude 
any participants.  
Covariates.  
A directed acyclic graph (DAG) was used to identify potential confounding factors in the 
association between social cohesion and the four immunological biomarkers.140,141 Baseline 
measures for sex, race/ethnicity, homeownership, physical health status, age, employment, 
highest educational attainment, marital status, and annual income were included in our analysis. 
We dichotomized sex (female vs. male), homeownership (own home vs. non-homeowner), and 




employed, not in the work force, and unemployed. Although in the DNHS race/ethnicity was 
assessed as Asian, Black or African American, American Indian or Alaskan Native, Native 
Hawaiian or other Pacific Islander, White, Hispanic, or other, this variable was dichotomized in 
our models as White and non-White (race/ethnic minority groups) due to the small sample size 
of race/ethnic minority groups besides African Americans. For analytical purposes, age (in years) 
was categorized as <34, 35-44, 45-64, and 65+, education was grouped as <high school, high 
school graduate/ GED, some college, and college/ graduate degree, and marital status was 
modeled as married, previously married, and never married. Annual income was categorized as 
<$25,000, $25,000–$49,999, and ≥$50,000. 
5.3.3 Statistical analysis 
Our secondary analysis was cross-sectional in design. Bivariate correlations were 
conducted to assess the relationships between neighborhood social cohesion, traumatic events, 
and access to psychosocial resources. Descriptive statistics for baseline characteristics of study 
participants were calculated by traumatic events and access to psychosocial resources, and the 
chi-square test was performed to determine any differences in proportion. Ordinary least squares 
(OLS) linear regression models were ran for each of the four biomarkers to estimate their 
association with social cohesion modified by trauma and psychosocial resources, separately. We 
assessed both crude and adjusted OLS linear regressions, controlling for potential confounders 
such as sex, race/ethnicity, homeownership, physical health status, age, employment, highest 
educational attainment, marital status, and annual income. All variables, including neighborhood 
social cohesion, were measured at the individual-levels, and for this reason a multilevel 
analytical approach was not needed. Models were weighted using the IPW method (discussed 




were 2-sided and determined by a 95% confidence interval (CI) that excluded the null value or a 
p-value<0.05. We conducted all statistical analyses for this study in SAS 9.4 (SAS Institute, Inc., 
Cary, North Carolina). 
5.4 Results 
5.4.1 Descriptive characteristics 
Lifetime traumatic events  
The study population included 749 adults living in one of the 52 Detroit neighborhoods. 
Approximately, 75% reported <8 traumatic events in their lifetime. Of those reporting <8 
traumatic events, there was a significantly lower prevalence of adults 35–64 years old (<8 
traumatic events: 58%; ≥8 traumatic events: 70%; p-value: <.0001), annual income <$25,000 (<8 
traumatic events: 49%; ≥8 traumatic events: 60%; p-value: 0.0002), some college education (<8 
traumatic events: 32%; ≥8 traumatic events: 43%; p-value: <.0001), non-homeowner (<8 
traumatic events: 47%; ≥8 traumatic events: 53%; p-value: 0.0241), unemployed (<8 traumatic 
events: 17%; ≥8 traumatic events: 32%; p-value: <.0001), and fair/poor health (<8 traumatic 
events: 28%; ≥8 traumatic events: 44%; p-value: <.0001). Table 4a depicts these results.  
Access to psychosocial resources 
Of the 749 participants, 87% had high access to psychosocial resources (PSR). Among 
those with high access to psychosocial resources, there was a significantly lower prevalence of 
males (high PSR: 39%; low PSR: 59%; p-value: <.0001), adults ≥45 years (high PSR: 66%; low 
PSR: 74%; p-value: 0.0081), White (high PSR: 9%; low PSR: 13%; p-value: 0.0406), annual 
income <$25,000 (high PSR: 50%; low PSR: 61%; p-value: 0.0031), not in the labor force or 
unemployed (high PSR: 62%; low PSR: 76%; p-value: <.0001), and fair/poor health (high PSR: 




5.4.2 Stratification by lifetime traumatic events 
In the overall sample, participants with <8 traumatic events in their lifetime had lower 
mean levels for all biomarkers: CMV (<8 traumatic events: 5.42; ≥8 traumatic events: 5.56; p-
value: 0.6269), HSV-1 (<8 traumatic events: 5.26; ≥8 traumatic events: 5.33; p-value: 0.8365), 
log CRP (<8 traumatic events: 0.55; ≥8 traumatic events: 0.59; p-value: 0.8072), and log IL-6 
levels (<8 traumatic events: 1.00; ≥8 traumatic events:1.05; p-value: 0.4879). However, these 
differences were not statistically significant (see Table 5a).  
Table 5b shows modifier-specific mean levels for each biomarker by neighborhood social 
cohesion categories. Although not statistically significant, we found that participants who lived 
in low socially cohesive neighborhoods had lower levels of HSV-1 (<8 traumatic events: 
mean=5.32; ≥8 traumatic events: mean=6.09; p-value: 0.1417), log CRP (<8 traumatic events: 
log mean=0.29; ≥8 traumatic events: log mean=0.71; p-value: 0.0780), and log IL-6 (<8 
traumatic events: log mean=0.96; ≥8 traumatic events: log mean=1.16; p-value: 0.0620) if they 
experienced <8 traumatic events compared to those with ≥8 traumatic events in their lifetime. 
Participants who lived in a neighborhood with medium social cohesion had lower CMV levels if 
they experienced <8 traumatic events in their lifetime compared to those with ≥8 traumatic 
events (<8 traumatic events: mean=5.33; ≥8 traumatic events: mean=5.63; p-value: 0.5038). For 
those living in high socially cohesive neighborhoods, we observed higher levels of all 
biomarkers if they experienced <8 traumatic events compared to ≥8 traumatic events, but none 
were statistically significant (see Figure 5a-b).  
<8 Lifetime traumatic events specific models 
In the trauma-specific crude regression models, we found that participants who 




they lived in neighborhoods with low and medium social cohesion compared to high 
neighborhood social cohesion (NSC) (low NSC β=-0.65, 95% CI:-1.01 to -0.30; medium NSC 
β=-0.47, 95% CI: -0.83 to -0.11) (see Table 6a). This association remained statistically 
significant even after adjusting for potential confounders (low NSC β=-0.90, 95% CI:-1.26 to -
0.54; medium NSC β=-0.54, 95% CI: -0.90 to -0.19), see Table 6b.  
≥ 8 Lifetime traumatic events specific models 
In the trauma-specific crude regression models for ≥ 8 traumatic events, we did not 
observe any significant associations between neighborhood social cohesion and the four 
immunological biomarkers (see Table 6a). However, in the multivariable models, we found that 
HSV-1 (low NSC β=1.90, 95% CI: 0.55 to 3.25) and log IL-6 (low NSC β=0.31, 95% CI: 0.004 
to 0.61) levels were significantly more elevated among participants who lived in low socially 
cohesive neighborhoods compared to high social cohesion (see Table 6b).   
5.4.3 Stratification by access to psychosocial resources  
In the overall sample, participants with high access to psychosocial resources had lower 
mean levels for all biomarkers, except CMV: CMV (high PSR: 5.43; low PSR: 5.38; p-value: 
0.8610), HSV-1 (high PSR: 5.18; low PSR: 5.91; p-value: 0.0729), log CRP (high PSR: 0.56; 
low PSR: 0.62; p-value: 0.7632), and log IL-6 levels (high PSR: 1.02; low PSR: 1.05; p-value: 
0.7621). However, these differences were not statistically significant (see Table 5a).  
Table 5b demonstrates that participants with high access to psychosocial resources had 
lower biomarker levels if they lived in neighborhoods with low social cohesion, albeit only 
statistically significant with log CRP: CMV (high PSR: mean=5.56; low PSR: mean=5.76; p-
value 0.6799), HSV-1 (high PSR: mean=5.34; low PSR: mean=6.40; p-value 0.0827), log CRP 




mean=0.99; low PSR: mean=1.17; p-value 0.1477). Although not statistically significant, in 
medium social cohesion neighborhoods, CMV levels were lower for participants with access to 
high compared to low psychosocial resources (high PSR: mean=5.31; low PSR: mean=5.41; p-
value 0.8593), while all other biomarkers showed an inverse relationship. Additionally, among 
participants living in high socially cohesive neighborhoods, those with high access to 
psychosocial resources had lower levels of HSV-1 (high PSR: mean=4.98; low PSR: mean=6.23; 
p-value 0.1784) and log IL-6 (high PSR: mean=1.03; low PSR: mean=1.10; p-value 0.7173) 
compared to those with low access to psychosocial resources. However, these differences were 
not statistically significant (see Figure 5c-d). 
High access to psychosocial resources specific models 
Regression models stratified by high access to psychosocial resources found that 
participants had significantly lower levels of log CRP if they lived in neighborhoods with low or 
medium social cohesion compared to high social cohesion (low NSC β=-0.63, 95% CI:-0.96 to -
0.30; medium NSC β=-0.37, 95% CI: -0.70 to -0.03), even after adjusting for potential 
confounders (low NSC β=-0.79, 95% CI:-1.13 to -0.45; medium NSC β=-0.40, 95% CI: -0.73 to 
-0.06). We did not find statistical significance for any other biomarkers in these stratum specific 
models. Table 6a–b depicts these results. 
Low access to psychosocial resources specific models 
There were no significant associations between neighborhood social cohesion and the 
four biomarkers observed in the crude regression models stratified by low access to psychosocial 
resources (see Table 6a). However, in the multivariable models, participants with low access to 
psychosocial resources had higher levels of CMV if they lived in neighborhoods with low 




compared to high social cohesion. Yet, this association was only statistically significant for 
medium social cohesion (see Table 6b).  
5.4.4 Correlations 
We conducted correlations to assess the relationships between neighborhood social 
cohesion, exposure to traumatic events, and access to psychosocial resources. Neighborhood 
social cohesion was negatively correlated with exposure to traumatic events (Pearson’s R: 
-0.08293; p-value: 0.0232) and access to psychosocial resources (Pearson’s R: -0.13690; p-value: 
0.0002). Due to these significant correlations, the interaction terms between social cohesion and 
exposure to traumatic events and access to psychosocial resources were not assessed in the 
regression models. Traumatic events and psychosocial resources were not significantly 
correlated (Pearson’s R: 0.06079; p-value: 0.0957). Supplemental Table 7 depicts these results.  
5.5 Discussion 
In our cross-sectional study, we found evidence to suggest effect measure modification 
by trauma and psychosocial resources in the association between neighborhood social cohesion 
and immunological biomarker levels. We found that participants living in low socially cohesive 
neighborhoods had elevated levels of HSV-1 and IL-6, compared to those in highly cohesive 
neighborhoods, if they experienced ≥8 traumatic events in their lifetime. Additionally, 
participants in low or medium social cohesion neighborhoods had higher levels of CMV when 
they had low access to psychosocial resources. We also found some evidence of a buffering 
effect by high access to psychosocial resources on HSV-1 and IL-6 levels when participants 
lived in high socially cohesive neighborhoods. This buffering effect was also observed for low 
social cohesion on CRP levels by both <8 traumatic events and high psychosocial resources. 
Similarly, we found some evidence of a buffering effect by lower exposure to trauma, whereby 




1, CRP, and IL-6. These findings support our hypothesis that exposure to fewer traumatic events 
or higher access to psychosocial resources may buffer the associations between low social 
cohesion and cell-immunity or inflammation.  
Prior research has demonstrated that social cohesion and trauma can impact general 
health outcomes independently, particularly biological markers of health.92,103,108,109Additionally, 
exposure to trauma has been posited to be influenced by social context.107,201 Yet, no study has 
examined the modifying effects of trauma on the association between social cohesion and health. 
We hypothesized that the effects of living in a neighborhood with low social cohesion on 
immunological biomarkers would be buffered by less exposure to traumatic events. This was 
supported by our trauma-specific models, which revealed that participants living in low socially 
cohesive neighborhoods had significantly lower levels CRP when exposed to <8 traumatic events 
compared to ≥8 traumatic events in their lifetime. We suspect that since effects of experiencing a 
traumatic event can persist overtime, living in a social environment that is less cohesive may 
perpetuate negative valence, lack of control, and limit social networks for support. This in turn 
can hinder an individual’s ability to cope with their trauma.132,201 We suspect that lessening 
exposure to traumatic events may buffer the impacts of living in a low cohesive neighborhood 
has on immunological biomarkers. We also contend that experiencing ≥8 traumatic events may 
exacerbate the effects of low social cohesion on health, which was demonstrated in our study by 
elevated levels of HSV-1 and IL-6. Other studies have found that among individuals exposed to 
traumatic events, low social cohesion was associated with post-traumatic stress disorder (PTSD) 
and depression,107,132,217 further emphasizing the important of reducing exposure to trauma. 




social cohesion on immunity, and buffering effects may help diminish long-term detrimental 
health outcomes. 
The availability of resources can help individuals cope and respond effectively to stress 
and its negative impacts on health.182,197,218 A network of social relationships or the availability 
of individuals who can provide support, either emotionally or financially, are important 
psychosocial resources197 that serve to reduce stress. In our study, we found a significant 
decrease in CRP levels by neighborhood social cohesion after restricting our models to high 
access to psychosocial resources. Although prior studies have not directly explored psychosocial 
resources as a potential modifier on the association between social cohesion and immunological 
biomarkers, the buffering effect of psychosocial resources has been previously demonstrated. 
Studies have found that coping strategy and social support (two forms of psychosocial resources) 
modify the relationship between perceived stress and CRP levels in men.182,219 Mezuk et al. 
reported that emotional support buffered the impacts of stress on CRP levels in women.182 We 
contend that low access to psychosocial resources may amplify the negative impacts of living in 
a low socially cohesive neighborhood on health. When restricting our analysis to participants 
with low access to psychosocial resources, we found significantly higher levels of CMV in 
neighborhoods with medium versus high social cohesion. This trend was also observed in low 
social cohesion neighborhood but was not statistically significant, possibly due to a smaller 
sample size within this stratum. Indeed, neighborhoods with low social cohesion have been 
characterized by high degree of population turnover, which undermine community ties and social 
structures that limit social support.165 Such neighborhoods can also be plagued by poor socio-




Further research investigating the relationship between psychosocial resources and 
immunological biomarkers of health overtime is needed.  
This study has several limitations. Due to the cross-sectional design of the study, one-
time measures of each variable limited our ability to make causal inferences. We were also 
unable to make conclusions regarding the direction of causality or determine the temporal 
sequence of the exposure and outcome. Additionally, measures of social cohesion, trauma, and 
psychosocial resources were derived from self-reported responses subjected to recall and 
response bias. Furthermore, since individuals with prior exposure to trauma were also more 
likely to perceive low social cohesive in their neighborhoods107 an overestimation of its effects 
was possible. While we were thoughtful about the cut-points designated for psychosocial 
resources (‘high” and 'low’), it should also be noted that these cut-points were arbitrary, and we 
cannot provide meaningful interpretation of these categories. More granular measures of 
psychosocial resources are worth exploring in the future. Finally, although our results suggest 
that less exposure to traumatic events buffer the impact of low social cohesion on immunity and 
inflammation, we were unable to discern whether the traumatic events occurred in the same 
neighborhood in which the individual lived. Such information is important to provide meaningful 
insights into the intersectionality between exposure to traumatic events and neighborhoods in 
order to fully capture their influence on immunological biomarkers. 
Despite these limitations, our study has important strengths. Our study constitutes an 
important extension of ‘neighborhood and health’ research by explicitly testing effect measure 
modification using a large population-based sample that included 54 neighborhoods. To our 
knowledge, this is the first study to directly assess effect measure modification on the association 




survey with well-validated composite measures of social cohesion as well as precise objective 
measures for four immunological biomarkers. We also moved beyond commonly measured 
disease outcomes, such as cardiovascular disease, obesity, and diabetes, to investigate 
immunological biomarkers that serve as precursors to these diseases and are relevant intervention 
points. Our biomarkers included both cell-mediated immunity and inflammation markers 
measured using standardized laboratory procedures to minimize potential measurement errors. 
The inclusion of these four immunological biomarkers allowed us to capture immune function 
across various immunological systems and compared their associations with social cohesion. 
Furthermore, our measures of cell-mediated immunity and inflammation were sensitive to 
external stressors and good indicators of stress-related immunological changes.14,57,59,61,147-149 
Finally, we must acknowledge that social cohesion is a social process with both 
neighborhood and individual level components. For the purpose of this study, we focused on the 
individual’s perception of neighborhood social cohesion, due to psychological implications that 
are internalized and ultimately affect health. Therefore, we believe that the subjective measure of 
social cohesion is a good proxy to capture the many facets and perceptions of the social 
environment. For this reason, perceived neighborhood social cohesion was treated and measured 
at the individual level. We were not limited by conventional and often arbitrary geographical 
boundaries used to define neighborhoods (e.g. block, zip code, census group), and did not require 
a multilevel analytical approach. Instead, our measure of social cohesion was able to transcend 
across various geographical levels, incorporating any geographical unit that the individual felt 
best represented their neighborhood.  
5.6 Conclusion 
The existing body of literature demonstrates that low neighborhood social cohesion can 




in the body.29,47,194,199,220,221 Yet, to our knowledge little research has been done to examine the 
role of protective factors that act as buffers against adverse health outcomes, such as access to 
psychosocial resources and less exposure to traumatic events. Our study found differential levels 
of CMV, HSV-1, CRP, and IL-6 by social cohesion when stratified by these potential modifiers. 
We found that less exposure to traumatic events and high access to psychosocial resources may 
independently serve as intervention points to reduce the impact of low social cohesion on 
immunological biomarkers. To mitigate adverse health outcomes, public health interventions 
should address the neighborhood environment in conjunction with individual factors, resources, 
and experiences. The conceptual framework proposed by Martikainen et al. (Supplemental 
Figure 3) delineates a process by which psychosocial factors may influence health through 
behavioral or biological mediating pathways.205 This suggest that efforts to fully understand the 
mechanisms through which the social environment affects health should also incorporate 




5.7 Main table and figures  
Table 4a. Frequency and proportions of participants’ characteristics by exposure to traumatic events at 















Sex     
      Male  316 (41.6) 230 (40.5) 86 (44.9)  
      Female 433 (58.4) 333 (59.5) 100 (55.1) 0.0784 
Age category      
      <34  103 (17.9) 77 (17.9)  26 (17.7)  
      35-44 115 (15.4) 81(14.4) 34 (18.4)  
      45-64 352 (45.5) 252 (43.6) 100 (51.2)  
      65+ 179 (21.3) 153 (24.2) 26 (12.7) <.0001 
Race/ethnicity      
      White  94 (9.3) 73 (9.7) 21 (8.2)  
      Non-white 653 (90.7) 488 (90.3) 165 (91.9) 0.2871 
      Missing  2    
Income      
      <$25,000 366 (51.4) 261 (48.7) 105 (59.5)  
      $25,000–$49,999 194 (27.8) 153 (29.5) 41 (22.6)  
      $50,000 138 (20.8) 108 (21.8) 30 (17.9) 0.0002 
      Missing 51    
Education      
      <High school  124 (13.4) 94 (13.4) 30 (13.6)  
      HS graduate/ GED 220 (29.8) 171 (31.1) 49 (26.1)  
      Some college  266 (35.1) 186 (32.4) 80 (43.1)  
      College/ Graduate Degree 139 (21.7) 112 (23.1) 27 (17.3) <.0001 
Homeownership     
      Homeowner 391(51.7) 301 (53.1) 90 (47.4)  
      Non-homeowner 357 (48.3) 261 (46.9) 96 (52.7) 0.0241 
      Missing  1    
Employment status      
      Employed  253 (36.0) 199 (38.2) 54 (29.3)  
      Not in the labor force 341 (43.2) 268 (44.8) 73 (38.3)  
      Unemployed 148 (20.8) 91 (17.0) 57 (32.4) <.0001 
      Missing  7    
Marital status     
      Married  177 (23.0) 135 (23.7) 42 (20.9)  
      Previously married  303 (38.8) 233 (39.3) 70 (37.2)  
      Never married  269 (38.2) 195 (37.0) 74 (41.9) 0.1243 
Physical health status      
      Excellent/ very good/ good  499 (68.4) 400 (72.5) 99 (55.8)  
      Fair/ poor  249 (31.6) 162 (27.5) 87 (44.2) <.0001 
      Missing  1    
Psychosocial resources     
      High 635 (87.6) 494 (88.4) 154 (83.5)  




      Missing  19    
Sero+ CMV level     
      Low  194 (34.8) 147 (34.6) 47 (35.5)  
      Medium 194 (33.3) 152 (34.1) 42 (30.8)  
      High  185 (31.8) 140 (31.2) 45 (33.8) 0.4578 
      Missing  176    
Sero+ HSV-1 level     
      Low  233 (35.9) 175 (36.2) 58 (35.0)  
      Medium 233 (34.9) 174 (34.6) 59 (35.7)  
      High  207 (29.3) 154 (29.2) 53 (29.3) 0.8828 
      Missing  76    
Log CRP level     
      Low  239 (34.4) 179 (34.0) 60 (35.6)  
      Medium 165 (22.8) 125 (23.1) 40 (21.8)  
      High  306 (42.8) 230 (42.9) 76 (42.6) 0.7624 
      Missing  39    
Log IL-6 level     
      Low  135 (21.2) 104 (22.0) 31 (18.6)  
      Medium 365 (51.2) 272 (50.9) 93 (52.2)  
      High  201 (27.7) 149 (27.2) 52 (29.2) 0.2679 




Table 4b: Frequency and proportions of participants’ characteristics by access to psychosocial resources 






High PSR  
N=648 (87.2%) 
Low PSR  
N=101 (12.8%) 
P-values 
Sex     
      Male  316 (41.6) 255 (39.1) 61 (58.5)  
      Female 433 (58.4) 393 (60.9) 40 (41.5) <.0001 
Age category      
      <34  103 (17.9) 96 (18.9) 7 (10.8)  
      35-44 115 (15.4) 100 (15.4) 15 (14.9)  
      45-64 352 (45.5) 301 (45.0) 51 (48.7)  
      65+ 179 (21.3) 151 (20.7) 28 (25.6) 0.0081 
Race/ethnicity      
      White  94 (9.3) 76 (8.8) 18 (12.8)  
      Non-white 653 (90.7) 570 (91.2) 83 (87.2) 0.0406 
      Missing  2    
Income      
      <$25,000 366 (51.4) 306 (49.9) 60 (61.3)  
      $25,000–$49,999 194 (27.8) 171 (28.6) 23 (22.3)  
      $50,000 138 (20.8) 123 (21.5) 15 (16.4) 0.0031 
      Missing 51    
Education      
      <High school  124 (13.4) 100 (12.7) 24 (18.8)  
      HS graduate/ GED 220 (29.8) 193 (30.1) 27 (27.8)  
      Some college  266 (35.1) 233 (35.5) 33 (32.1)  
      College/Graduate Degree 139 (21.7) 122 (21.7) 17 (21.2) 0.0527 
Homeownership     
      Homeowner 391(51.7) 340 (52.2) 51 (48.2)  
      Non-homeowner 357 (48.3) 307 (47.8) 50 (51.8) 0.2304 
      Missing  1    
Employment status      
      Employed  253 (36.0) 230 (37.7) 23 (24.4)  
      Not in the labor force 341 (43.2) 285 (41.6) 56 (53.7)  
      Unemployed 148 (20.8) 127 (20.7) 21 (21.9) <.0001 
      Missing  7    
Marital status     
      Married  177 (23.0) 150 (22.5) 27 (25.9)  
      Previously married  303 (38.8) 261 (38.4) 42 (41.5)  
      Never married  269 (38.2) 237 (39.1) 32 (32.6) 0.1225 
Physical health status      
      Excellent/ very good/ good  499 (68.4) 439 (69.3) 60 (61.8)  
      Fair/ poor  249 (31.6) 208 (30.7) 41 (38.2) 0.0135 
      Missing  1    
Number of Traumatic events      
      <8 traumatic events  553 (75.6) 487 (76.5) 66 (68.7)  
      ≥8 traumatic events  178 (24.4) 149 (23.5) 29 (31.3) 0.0073 
      Missing  18    
Sero+ CMV level     




      Medium 194 (33.3) 171 (34.0) 23 (28.9)  
      High  185 (31.8) 160 (31.7) 25 (32.6) 0.3304 
      Missing  176    
Sero+ HSV-1 level     
      Low  233 (35.9) 206 (37.1) 27 (28.2)  
      Medium 233 (34.9) 199 (34.5) 34 (37.5)  
      High  207 (29.3) 173 (28.5) 34 (34.4) 0.0186 
      Missing  76    
Log CRP level     
      Low  239 (34.4) 206 (34.6) 33 (33.2)  
      Medium 165 (22.8) 145 (23.2) 20 (19.9)  
      High  306 (42.8) 262 (42.2) 44 (47.0) 0.2964 
      Missing  39    
Log IL-6 level     
      Low  135 (21.2) 119 (21.7) 16 (17.6)  
      Medium 365 (51.2) 317 (51.1) 48 (52.1)  
      High  201 (27.7) 171 (27.3) 30 (30.3) 0.2938 



























Table 5a: Mean and standard deviation (SD) levels of four immunological biomarkers (CMV, HSV-1, CRP, and IL-6) by neighborhood social 




















Total          
      Mean 5.43  5.27  0.57  1.02  
      Standard deviation  4.05  5.97  2.86  1.34  
      Median  5.24  4.66  0.81  0.99  
      Minimum  1.00  1.00  -3.69  -1.39  
      Maximum  12.94  16.54  4.60  3.54  
 Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value 
Number of traumatic 
events  
        
      <8 traumatic events  5.42 (3.89)  5.26 (6.04)  0.55 (2.89)  1.00 (1.36)  




         
      High 5.43 (4.03)  5.18 (5.89)  0.56 (2.87)  1.02 (1.36)  










Table 5b: Mean and standard deviation (SD) levels of four immunological biomarkers (CMV, HSV-1, CRP, and IL-6) by neighborhood social 




Low Neighborhood Social Cohesion 
 Medium Neighborhood Social 
Cohesion 
 High Neighborhood Social 
Cohesion 
 Trauma<8 Trauma≥8 P-value*  Trauma<8 Trauma≥8 P-value*  Trauma<8 Trauma≥8 P-value* 
CMV 5.62 (4.1) 5.51 (4.8) 0.7742  5.33 (4.0) 5.63 (5.0) 0.5038  5.31 (3.6) 5.15 (3.7) 0.6879 
HSV-1 5.32 (6.2) 6.09 (6.4) 0.1417  5.25 (6.0) 4.95 (5.1) 0.5998  5.14 (5.8) 4.83 (5.7) 0.5892 
Log CRP 0.29 (2.9) 0.71 (2.8) 0.0780  0.47 (3.0) 0.39 (3.1) 0.7738  0.94 (2.5) 0.59 (2.5) 0.1556 
Log IL-6 0.96 (1.3) 1.16 (1.2) 0.0620  1.02 (1.6) 0.99 (1.6) 0.8645  1.06 (1.3) 0.94 (1.0) 0.2895 
 High PSR Low PSR P-value*  High PSR Low PSR P-value*  High PSR Low PSR P-value* 
CMV 5.56 (4.3) 5.76 (4.0) 0.6799  5.31 (4.2) 5.41 (4.7) 0.8593  5.34 (3.6) 4.50 (3.3) 0.1915 
HSV-1 5.34 (6.0) 6.40 (6.9) 0.0827  5.22 (5.8) 4.89 (6.1) 0.6472  4.98 (5.9) 6.23 (4.7) 0.1784 
Log CRP 0.26 (3.0) 1.05 (2.4) 0.0048  0.52 (3.0) -0.06 (3.2) 0.1140  0.89 (2.5) 0.55 (2.7) 0.3844 
Log IL-6 0.99 (1.3) 1.17 (1.1) 0.1477  1.04 (1.6) 0.83 (1.5) 0.2644  1.03 (1.2) 1.10 (1.1) 0.7173 













Table 6a. Crude regression models assessing the association between neighborhood social cohesion and 
herpesvirus IgG antibody (CMV and HSV-1) and inflammation levels (log CRP and log IL-6) stratified 
by trauma and psychosocial resources — DNHS Detroit, MI 2008–2009 (weighted) 
 
                               Exposure to traumatic events 
Outcome Model 1 Stratified Trauma <8 
events 
Model 2 Stratified Trauma ≥8 
events 
CMV IgG antibody   
      Low cohesion 0.31 (-0.23 to 0.85) 0.36 (-0.81 to 1.53) 
      Medium cohesion 0.02 (-0.53 to 0.56) 0.48 (-0.77 to 1.73) 
      High cohesion Ref Ref 
HSV-1 IgG antibody   
      Low cohesion 0.18 (-0.60 to 0.96) 1.26 (-0.03 to 2.55) 
      Medium cohesion 0.11 (-0.68 to 0.89) 0.12 (-1.28 to 1.52) 
      High cohesion Ref Ref 
Log CRP (mg/L)   
      Low cohesion -0.65 (-1.01 to -0.30) 0.13 (-0.49 to 0.74) 
      Medium cohesion -0.47 (-0.83 to -0.11) -0.20 (-0.87 to 0.47) 
      High cohesion Ref Ref 
Log IL-6 (pg/mL)   
      Low cohesion -0.10 (-0.28 to 0.07) 0.22 (-0.06 to 0.49) 
      Medium cohesion -0.05 (-0.22 to 0.12) 0.05 (-0.25 to 0.35) 
      High cohesion Ref Ref 
                              Access to psychosocial resources 
Outcome Model 1 Stratified High PSR  Model 2 Stratified Low PSR  
CMV IgG antibody   
      Low cohesion 0.22 (-0.30 to 0.74) 1.26 (-0.42 to 2.93) 
      Medium cohesion 0.07 (-0.46 to 0.60) 0.81 (-0.93 to 2.55) 
      High cohesion Ref Ref 
HSV-1 IgG antibody   
      Low cohesion 0.36 (-0.34 to 1.07) 0.16 (-2.08 to 2.40) 
      Medium cohesion 0.24 (-0.47 to 0.95) -1.34 (-3.77 to 1.08) 
      High cohesion Ref Ref 
Log CRP (mg/L)   
      Low cohesion -0.63  (-0.96 to -0.30) 0.50 (-0.43 to 1.43) 
      Medium cohesion -0.37 (-0.70 to -0.03) -0.61 (-1.61 to 0.40) 
      High cohesion Ref Ref 
Log IL-6 (pg/mL)   
      Low cohesion -0.04 (-0.20 to 0.11) 0.07 (-0.35 to 0.49) 
      Medium cohesion 0.01 (-0.16 to 0.16) -0.27 (-0.72 to 0.18) 
      High cohesion Ref Ref 
* Abbreviations: CI = confidence interval; Ref= reference; HSV-1= Herpes simplex virus type-1;  




Table 6b. Multivariable regression models assessing the association between neighborhood social 
cohesion and herpesvirus IgG antibody (CMV and HSV-1) and inflammation levels (log CRP and log IL-
6) stratified by trauma and psychosocial resources — DNHS Detroit, MI 2008–2009 (weighted) 
Exposure to traumatic events 
Outcome Model 1 Stratified Trauma <8 
events 
Model 2 Stratified Trauma ≥8 
events  
CMV IgG antibody   
      Low cohesion 0.25 (-0.30 to 0.81) 0.23 (-1.04 to 1.49) 
      Medium cohesion -0.02 (-0.57 to 0.53) 0.28 (-1.06 to 1.63) 
      High cohesion Ref Ref  
HSV-1 IgG antibody   
      Low cohesion 0.29 (-0.53 to 1.10) 1.90 (0.55 to 3.25) 
      Medium cohesion -0.19 (-0.99  to 0.62) 0.30 (-1.17 to 1.76) 
      High cohesion Ref Ref  
Log CRP (mg/L)   
      Low cohesion -0.90 (-1.26 to -0.54) 0.22 (-0.46 to 0.90) 
      Medium cohesion -0.54 (-0.90 to -0.19) -0.13 (-0.86 to 0.60) 
      High cohesion Ref Ref  
Log IL-6 (pg/mL)   
      Low cohesion -0.16 (-0.33 to 0.02) 0.31 (0.01 to 0.61) 
      Medium cohesion -0.06 (-0.23 to 0.11) 0.13 (-0.20 to 0.46) 
      High cohesion Ref Ref  
Access to psychosocial resources 
Outcome Model 1 Stratified High PSR  Model 2 Stratified Low PSR  
CMV IgG antibody   
      Low cohesion 0.11 (-0.44 to 0.66) 1.68 (-0.28 to 3.63) 
      Medium cohesion 0.06 (-0.50 to 0.61) 2.28 (0.32 to 4.24) 
      High cohesion Ref Ref  
HSV-1 IgG antibody   
      Low cohesion 0.57 (-0.16 to 1.31) 0.53 (-2.12 to 3.18) 
      Medium cohesion 0.01 (-0.72 to 0.74) -1.48 (-4.42 to 1.45) 
      High cohesion Ref Ref  
Log CRP (mg/L)   
      Low cohesion -0.79 (-1.13 to -0.45) 0.21 (-0.85 to 1.27) 
      Medium cohesion -0.40 (-0.73 to -0.06) -0.32 (-1.52 to 0.87) 
      High cohesion Ref Ref  
Log IL-6 (pg/mL)   
      Low cohesion -0.05 (-0.21 to 0.11) 0.17 (-0.33 to 0.67) 
      Medium cohesion 0.02 (-0.14 to 0.18) -0.06 (-0.62 to 0.51) 
      High cohesion Ref Ref  
*Adjusted for sex, race/ethnicity, homeownership, physical health, age, employment, education, marital, 
and income; Abbreviations: CI = confidence interval; Ref= reference; HSV-1= Herpes simplex virus 











































































5.8 Supplemental tables 
Supplemental Table 7. Correlations between neighborhood social cohesion, exposure to traumatic 
events, and access to psychosocial resources  
 
 Neighborhood  
social cohesion  
Exposure to 





social cohesion  
1.00   
Exposure to traumatic event  -0.08293* 1.00  
Access to psychosocial 
resources  
-0.13690** 0.06079 1.00 
 
 







Supplemental Table 8a. Frequency and proportions of participants’ characteristics by neighborhood social cohesion stratified by traumatic events 
at baseline for cohort 1 and cohort 2 combined — DNHS Detroit, MI 2008–2009 (weighted) 
 




























Sex          
      Male  316 (41.6) 77 (41.1) 79 (42.7) 74 (37.9)  33 (40.4) 31 (55.0) 22 (41.1)  
      Female 433 (58.4) 109 (58.9) 108 (57.3) 116 (62.2) 0.2712 46 (59.6) 25 (45.0) 29 (58.9) 0.0118 
Age category           
      <34  103 (17.9) 35 (23.9) 20 (14.8) 22 (15.0)  12 (19.5) 11 (24.1) 3 (8.3)  
      35-44 115 (15.4) 31 (16.1) 22 (11.6) 28 (15.3)  16 (20.8) 10 (17.2) 8 (16.1)  
      45-64 352 (45.5) 79 (40.4) 87 (46.1) 86 (44.4)  41 (48.7) 25 (41.8) 34 (64.9)  
      65+ 179 (21.3) 41 (19.7) 58 (27.5) 54 (25.4) <.0001 10 (11.0) 10 (17.0) 6 (10.7) 0.0006 
Race/ethnicity           
      White  94 (9.3) 19 (7.4) 25 (9.8) 29 (11.9)  11 (10.1) 7 (8.9) 3 (4.4)  
      Non-white 653 (90.7) 167 (92.6) 161 (90.2) 160 (88.1) 0.0495 68 (89.9) 49 (91.2) 48 (95.6) 0.1423 
      Missing  2         
Income           
      <$25,000 366 (51.4) 101 (58.3) 92 (50.9) 68 (37.2)  45 (60.1) 34 (65.2) 26 (52.8)  
      $25,000–$49,999 194 (27.8) 41 (24.0) 50 (29.8) 62 (34.6)  16 (21.9) 13 (23.0) 12 (23.3)  
      $50,000 138 (20.8) 29 (17.7) 32 (19.3) 47 (28.2) <.0001 13 (18.1) 6 (11.8) 11 (24.0) 0.1008 
      Missing 51         
Education           
      <High school  124 (13.4) 35 (15.3) 40 (17.2) 19 (7.9)  17 (18.4) 7 (10.8) 6 (9.3)  
      HS graduate/ GED 220 (29.8) 68 (37.3) 52 (29.1) 51 (26.8)  23 (29.3) 18 (31.9) 8 (15.2)  
      Some college  266 (35.1) 56 (29.9) 65 (33.9) 65 (33.6)  26 (33.1) 29 (52.9) 25 (47.6)  
      College/ Grad Degree 139 (21.7) 27 (17.5) 30 (19.8) 55 (31.7) <.0001 13 (19.2) 2 (4.4) 12 (27.9) <.0001 
Homeownership          
      Homeowner 391(51.7) 91 (47.8) 97 (50.7) 113 (60.6)  34 (41.3) 25 (42.7) 31 (61.3)  
      Non-homeowner 357 (48.3) 95 (52.2) 89 (49.3) 77 (39.4) <.0001 45 (58.7) 31 (57.3) 20 (38.7)  0.0004 
      Missing  1         
Employment status           







      Not in the labor force 341 (43.2) 84 (43.0) 102 (51.8) 82 (40.1)  32 (40.2) 21 (36.1) 20 (37.6)  
      Unemployed 148 (20.8) 42 (24.2) 24 (13.9) 25 (12.9) <.0001 21 (28.0) 20 (38.3) 16 (32.9) 0.3455 
      Missing  7         
Marital status          
      Married  177 (23.0) 42 (21.7) 42 (21.4) 51 (27.7)  20 (22.3) 13 (21.9) 9 (17.6)  
      Previously married  303 (38.8) 74 (37.3) 76 (38.9) 83 (41.6)  30 (37.8) 17 (30.4) 23 (43.6)  
      Never married  269 (38.2) 70 (41.0) 69 (39.6) 56 (30.7) 0.0035 29 (39.9) 26 (47.7) 19 (38.8) 0.1822 
Physical health status           
      Excellent/ very/ good  499 (68.4) 124 (68.1) 130 (71.9) 146 (77.5)  31 (42.9) 38 (69.8) 30 (60.5)  
      Fair/ poor  249 (31.6) 61 (31.9) 57 (28.2) 44 (22.5) 0.0030 48 (57.1) 18 (30.2) 21 (39.5) <.0001 
      Missing  1         
Psychosocial resources          
      High 635 (87.6) 153 (83.4) 162 (87.1) 179 (94.4)  61 (77.9) 50 (89.6) 43 (85.6)  
      Low 95 (12.4) 33 (16.6) 25 (12.9) 11 (5.6) <.0001 18 (22.1) 6 (10.5) 8 (14.4) 0.0091 
      Missing  19         
Sero+ CMV level          
      Low  194 (34.8) 47 (33.9) 51 (35.1) 49 (34.9)  22 (38.0) 17 (40.6) 8 (25.4)  
      Medium 194 (33.3) 47 (32.0) 52 (35.0) 53 (35.5)  14 (23.9) 9 (22.1) 19 (51.9)  
      High  185 (31.8) 50 (34.1) 46 (30.0) 44 (29.6) 0.6428 21 (38.1) 16 (37.3) 8 (22.6) <.0001 
      Missing  176         
Sero+ HSV-1 level          
      Low  233 (35.9) 63 (37.7) 56 (34.7) 56 (36.1)  21 (28.6) 17 (35.7) 20 (44.0)  
      Medium 233 (34.9) 55 (32.1) 63 (36.7) 56 (35.1)  25 (36.8) 19 (37.3) 15 (32.4)  
      High  207 (29.3) 52 (30.3) 52 (28.6) 50 (28.8) 0.6879 27 (34.6) 14 (27.1) 12 (23.6) 0.0497 
      Missing  76         
Log CRP level          
      Low  239 (34.4) 72 (40.7) 58 (33.5) 49 (27.9)  20 (28.9) 24 (45.2) 16 (35.6)  
      Medium 165 (22.8) 42 (23.6) 44 (24.4) 39 (21.4)  20 (26.3) 11 (18.2) 9 (18.8)  
      High  306 (42.8) 63 (35.7) 77 (42.0) 90 (50.8) <.0001 35 (44.8) 19 (36.6) 22 (45.7) 0.0228 
      Missing  39         
Log IL-6 level          
      Low  135 (21.2) 37 (23.2) 37 (23.7) 30 (19.3)  9 (13.5) 12 (22.7) 10 (21.9)  
      Medium 365 (51.2) 91 (52.9) 91 (49.5) 90 (50.2)  39 (52.5) 25 (46.1) 29 (58.1)  
      High  201 (27.7) 43 (24.0) 49 (26.9) 57 (30.5) 0.1360 26 (34.0) 16 (31.3) 10 (20.1) 0.0135 
      Missing  48         








Supplemental Table 8b. Frequency and proportions of participants’ characteristics by neighborhood social cohesion stratified by psychosocial 
resources at baseline for cohort 1 and cohort 2 combined — DNHS Detroit, MI 2008–2009 (weighted) 




























Sex          
      Male  316 (41.6) 80 (37.8) 91 (43.3) 84 (36.5)  30 (54.8) 19 (61.6) 12 (63.5)  
      Female 433 (58.4) 134 (62.2) 121 (56.7) 138 (63.5) 0.0405 21 (45.2) 12 (38.4) 7 (36.5) 0.4521 
Age category           
      <34  103 (17.9) 43 (24.8) 28 (17.3) 25 (14.7)  4 (12.5) 3 (14.8) 0 (0.0)  
      35-44 115 (15.4) 38 (17.4) 28 (13.0) 34 (15.8)  9 (17.6) 4 (12.7) 2 (11.0)  
      45-64 352 (45.5) 91 (40.4) 100 (46.1) 110 (48.5)  29 (53.7) 12 (38.0) 10 (52.4)  
      65+ 179 (21.3) 42 (17.4) 56 (23.7) 53 (21.1) <.0001 9 (16.2) 12 (34.5) 7 (36.6) 0.0021 
Race/ethnicity           
      White  94 (9.3) 23 (7.9) 24 (8.4) 29 (10.1)  7 (9.6) 8 (17.7) 3 (13.4)  
      Non-white 653 (90.7) 191 (92.1) 187 (91.6) 192 (89.9) 0.3849 44 (90.4) 23 (82.3) 16 (86.6) 0.2207 
      Missing  2         
Income           
      <$25,000 366 (51.4) 112 (56.3) 106 (52.2) 88 (41.7)  34 (69.9) 20 (68.3) 6 (28.8)  
      $25,000–$49,999 194 (27.8) 50 (25.5) 54 (28.5) 67 (31.8)  7 (14.3) 9 (26.0) 7 (36.2)  
      $50,000 138 (20.8) 35 (18.2) 36 (19.3) 52 (26.6) <.0001 7 (15.8) 2 (5.7) 6 (35.0) <.0001 
      Missing 51         
Education           
      <High school  124 (13.4) 38 (14.9) 42 (16.3) 20 (7.12)  14 (22.1) 5 (11.4) 5 (21.8)  
      HS graduate/ GED 220 (29.8) 74 (35.0) 63 (30.6) 56 (25.0)  17 (34.9) 7 (23.3) 3 (16.3)  
      Some college  266 (35.1) 67 (31.2) 79 (37.1) 87 (38.3)  15 (29.3) 15 (46.9) 3 (16.0)  
      College/ Grad Degree 139 (21.7) 35(19.0) 28 (15.9) 59 (29.7) <.0001 5 (13.7) 4 (18.3) 8 (45.9) <.0001 
Homeownership          
      Homeowner 391(51.7) 106 (48.2) 103 (47.8) 131 (60.0)  19 (35.4) 19 (55.8) 13 (70.4)  
      Non-homeowner 357 (48.3) 108 (51.8) 108 (52.2) 91 (40.0) <.0001 32 (64.6) 12 (44.2) 6 (29.7) <.0001 
      Missing  1         
Employment status           
      Employed  253 (36.0) 71 (34.7) 66 (33.5) 93 (44.4)  11 (23.1) 7 (23.9) 5 (28.6)  







      Unemployed 148 (20.8) 50 (24.9) 39 (19.8) 38 (17.5) <.0001 13 (27.2) 5 (18.2) 3 (14.3) 0.3182 
      Missing  7         
Marital status          
      Married  177 (23.0) 48 (20.7) 45 (20.5) 57 (26.2)  14 (27.0) 10 (29.1) 3 (17.6)  
      Previously married  303 (38.8) 83 (36.3) 83 (37.7) 95 (41.0)  21 (42.6) 10 (31.6) 11 (54.5)  
      Never married  269 (38.2) 83 (43.0) 84 (41.8) 70 (32.8) 0.0018 16 (30.4) 11 (39.3) 5 (27.9) 0.1192 
Physical health status           
      Excellent/very/ good  499 (68.4) 131 (63.1) 145 (70.5) 163 (74.3)  24 (49.9) 23 (77.3) 13 (68.5)  
      Fair/ poor  249 (31.6) 82 (36.9) 67 (29.5) 59 (25.7) 0.0001 27 (50.1) 8 (22.7) 6 (31.5) 0.0002 
      Missing  1         
Number of traumatic 
events  
         
      <8 traumatic events  553 (75.6) 153 (72.0) 162 (76.1) 179 (80.1)  33 (64.3) 25 (80.2) 11 (58.8)  
      ≥8 traumatic events  178 (24.4) 61 (28.0) 50 (23.9) 43 (19.9) 0.0037 18 (35.7) 6 (19.8) 8 (41.2) 0.0161 
      Missing  18         
Sero+ CMV level          
      Low  194 (34.8) 58 (35.2) 58 (35.4) 52 (32.4)  11 (34.5) 10 (41.8) 5 (42.3)  
      Medium 194 (33.3) 52 (30.9) 53 (32.7) 66 (38.3)  9 (23.6) 8 (28.4) 6 (44.3)  
      High  185 (31.8) 57 (34.0) 53 (31.9) 50 (29.3) 0.1708 14 (42.0) 9 (29.8) 2 (13.4) 0.0282 
      Missing  176         
Sero+ HSV-1 level          
      Low  233 (35.9) 69 (36.7) 63 (34.6) 74 (39.9)  15 (28.0) 10 (37.2) 2 (12.1)  
      Medium 233 (34.9) 64 (33.1) 71 (36.7) 64 (33.7)  16 (35.1) 11 (37.5) 7 (44.6)  
      High  207 (29.3) 60 (30.2) 58 (28.7) 55 (26.4) 0.3385 19 (36.9) 8 (25.2) 7 (43.3) 0.0418 
      Missing  76         
Log CRP level          
      Low  239 (34.4) 81 (41.5) 67 (34.2) 58 (28.4)  11 (19.1) 15 (50.5) 7 (43.8)  
      Medium 165 (22.8) 49 (24.1) 50 (24.2) 46 (21.5)  13 (25.9) 5 (14.5) 2 (11.9)  
      High  306 (42.8) 72 (34.5) 86 (41.6) 104 (50.1) <.0001 26 (55.0) 10 (35.0) 8 (44.3) <.0001 
      Missing  39         
Log IL-6 level          
      Low  135 (21.2) 42 (22.7) 39 (21.9) 38 (20.5)  4 (9.1) 10 (34.0) 2 (12.2)  
      Medium 365 (51.2) 105 (52.1) 102 (48.9) 110 (52.1)  25 (55.7) 14 (47.3) 9 (50.7)  
      High  201 (27.7) 52 (25.2) 59 (29.2) 60 (27.5) 0.5446 17 (35.2) 6 (18.7) 7 (37.1) 0.0001 
      Missing  48         







Supplemental Table 9a. Multivariable analysis assessing the association between neighborhood social cohesion and herpesvirus IgG antibody 
levels stratified by trauma at baseline for cohort 1 and cohort 2 combined (weighted)  — DNHS Detroit, Michigan 2008–2009   
Demographic 
CMV Estimate (95% CI) 
Trauma <8 events 
CMV Estimate (95% CI) 
Trauma ≥8 events 
HSV-1 Estimate (95% CI) 
Trauma <8 events 
HSV-1 Estimate (95% CI) 
Trauma ≥8 events 
Intercept  2.10 (0.93 to 3.28) 3.71 (0.33 to 7.09) 2.79 (1.03 to 4.54) 5.17 (1.99 to 8.34) 
Neighborhood Social Cohesion      
      Low  0.25( -0.30 to 0.81) 0.23 (-1.04 to 1.49) 0.29 (-0.53 to 1.10) 1.90 (0.55 to 3.25) 
      Medium -0.02 (-0.57 to 0.53) 0.28 (-1.06 to 1.62) -0.19 (-0.10 to 0.62) 0.30 (-1.17 to 1.76) 
      High  Ref Ref Ref Ref 
Sex     
      Female 0.98 (0.51 to 1.44) -0.26 (-1.38 to 0.87) -0.16 (-0.85 to 0.52) -0.54(-1.66 to 0.59) 
      Male  Ref Ref Ref Ref 
Race/ethnicity      
      Non-white  Ref Ref Ref Ref 
      White  -0.35 (-1.13 to 0.42) -1.56 (-3.63 to 0.50) -0.68 (-1.85 to 0.48) 0.11 (-1.96 to 2.18) 
Homeownership     
      Non-homeowner 0.10 (-0.41 to 0.60) -0.01 (-1.21 to 1.18) -0.07 (-0.85 to 0.70) -0.77 (-2.05 to 0.51) 
      Homeowner Ref Ref Ref Ref 
Physical health status      
      Fair/ poor  0.21 (-0.31 to 0.73) 0.39 (-0.78 to 1.56) -0.15 (-0.93 to 0.64) -0.72 (-1.94 to 0.51) 
      Excellent/ very good/ good  Ref Ref Ref Ref 
Age category      
      <34  Ref Ref Ref Ref 
      35-44 1.60 (0.70 to 2.51) -0.35 (-1.94 to 1.23) 1.05 (-0.18 to 2.27) 1.47 (-0.30 to 3.24) 
      45-64 1.88 (1.10 to 2.66) -0.51 (-2.00 to 0.98) 1.67 (0.57 to 2.77) 2.39 (0.77 to 4.00) 
      65+ 2.28 (1.31 to 3.25) -0.28 (-2.33 to 1.77) 2.03 (0.60 to 3.45) 1.99 (-0.19 to 4.16) 
Employment status      
      Not in the labor force  0.46 (-0.16 to 1.07) -1.45 (-2.85 to -0.05) 0.29 (-0.62 to 1.19) -0.95 (-2.41 to 0.52) 
      Unemployed 0.34 (-0.42 to 1.10) -1.57 (-2.94 to -0.21) 0.34 (-0.72 to 1.39) 0.06 (-1.38 to 1.51) 
      Employed  Ref Ref Ref Ref 
Education      
      <High school  -0.29 (-1.15 to 0.58) 1.44 (-0.66 to 3.53) 1.86 (0.57 to 3.15) 0.12 (-2.03 to 2.26) 
      High school graduate/ GED 0.05 (-0.65 to 0.75) 0.16 (-1.64 to 1.96) 1.53 (0.51 to 2.55) -0.62 (-2.44 to 1.21) 
      Some college  -0.01 (-0.67 to 0.65) 1.27 (-0.34 to 2.89) 0.55 (-0.42 to 1.51) 0.17 (-1.48 to 1.82) 
      College/ Graduate Degree Ref Ref Ref Ref 
Marital status     
      Previously married  0.22 (-0.35 to 0.80) 0.15 (-1.35 to 1.64) -0.28 (-1.16 to 0.59) -0.85 (-2.35 to 0.65) 
      Never married  0.76 (0.10 to 1.43) -0.50 (-2.15 to 1.15) -0.20 (-1.19 to 0.78) -2.03 (-3.61 to -0.45) 
      Married  Ref Ref Ref Ref 
Income      
      <$25,000 -0.15 (-0.88 to 0.58) 1.11 (-0.45 to 2.66) -0.67 (-1.73 to 0.38) 0.58 (-1.11 to 2.27) 
      $25,000–$49,999 0.07 (-0.62 to 0.75) 1.49 (-0.17 to 3.15) -0.03 (-1.01 to 0.96) 0.11 (-1.64 to 1.86) 







Supplemental Table 9b. Multivariable analysis assessing the association between neighborhood social cohesion and inflammation levels 
stratified by trauma at baseline for cohort 1 and cohort 2 combined (weighted)  — DNHS Detroit, Michigan 2008–2009   
Demographic 
Log CRP Estimate (95% CI) 
Trauma <8 events 
Log CRP Estimate (95% CI) 
Trauma ≥8 events 
Log IL-6 Estimate (95% CI) 
Trauma <8 events 
Log IL-6 Estimate (95% CI) 
Trauma ≥8 events 
Intercept  -1.15 (-1.88 to -0.42) -0.60 (-2.15 to 0.95) 0.06 (-0.29 to 0.41) 0.41 (-0.29 to 1.11) 
Neighborhood Social Cohesion      
      Low  -0.90 (-1.26 to -0.54) 0.22 (-0.46 to 0.90) -0.16 (-0.33 to 0.02) 0.31 (0.01 to 0.61) 
      Medium -0.54 (-0.90 to -0.19) -0.13 (-0.86 to 0.60) -0.06 (-0.23 to 0.11) 0.13 (-0.20 to 0.46) 
      High  Ref Ref Ref Ref 
Sex     
      Female 0.49 (0.18 to 0.79) 0.77 (0.21 to 1.34) 0.07 (-0.07 to 0.22) 0.23 (-0.03 to 0.49) 
      Male  Ref Ref Ref Ref 
Race/ethnicity      
      Non-white Ref Ref Ref Ref 
      White  -0.40 (-0.88 to 0.09) 0.41 (-0.58 to 1.39) -0.01 (-0.23 to 0.23) -0.08 (-0.52 to 0.36) 
Homeownership     
      Non-homeowner 0.26 (-0.08 to 0.60) 0.10 (-0.54 to 0.74) 0.08 (-0.08 to 0.25) -0.02 (-0.31 to 0.26) 
      Homeowner Ref Ref Ref Ref 
Physical health status      
      Fair/ poor  0.72 (0.37 to 1.06) 0.13 (-0.48 to 0.74) 0.19 (0.03 to 0.36) 0.23 (-0.04 to 0.50) 
      Excellent/ very good/ good  Ref Ref Ref Ref 
Age category      
      <34  Ref Ref Ref Ref 
      35-44 0.95 (0.41 to 1.49) 0.29 (-0.60 to 1.18) 0.56 (0.30 to 0.82) -0.03 (-0.43 to 0.37) 
      45-64 1.09 (0.61 to 1.57) 0.45 (-0.35 to 1.26) 0.75 (0.52 to 0.98) 0.25 (-0.11 to 0.62) 
      65+ 0.67 (0.05 to 1.29) 0.59 (-0.51 to 1.69) 0.81 (0.51 to 1.10) 0.20 (-0.29 to 0.69) 
Employment status      
      Not in the labor force  0.14 (-0.25 to 0.54) -0.42 (-1.16 to 0.31) 0.18 (-0.01 to 0.37) 0.07 (-0.25 to 0.40) 
      Unemployed 0.34 (-0.13 to 0.80) 0.03 (-0.69 to 0.74) 0.22 (-0.01 to 0.45) -0.03 (-0.36 to 0.29) 
      Employed  Ref Ref Ref Ref 
Education      
      <High school  0.22 (-0.35 to 0.79) 1.05 (-0.05 to 2.15) 0.21 (-0.06 to 0.48) -0.19 (-0.68 to 0.30) 
      High school graduate/ GED 0.38 (-0.07 to 0.83) 0.30 (-0.66 to 1.27) 0.18 (-0.03 to 0.39) 0.04 (-0.37 to 0.45) 
      Some college  0.32 (-0.10 to 0.75) 0.94 (0.10 to 1.79) 0.15 (-0.06 to 0.35) 0.13 (-0.24 to 0.50) 
      College/ Graduate Degree Ref Ref Ref Ref 
Marital status     
      Previously married  0.01 (-0.38 to 0.39) 0.01 (-0.75 to 0.78) 0.02 (-0.16 to 0.21) -0.11 (-0.45 to 0.23) 
      Never married  -0.05 (-0.48 to 0.38) 0.37 (-0.42 to 1.15) 0.13 (-0.08 to 0.34) -0.06 (-0.42 to 0.29) 
      Married  Ref Ref Ref Ref 
Income      
      <$25,000 0.09 (-0.37 to 0.56) -0.32 (-1.18 to 0.55) -0.06 (-0.28 to 0.16) 0.01 (-0.38 to 0.39) 
      $25,000–$49,999 0.25 (-0.19 to 0.68) 0.42 (-0.45 to 1.30) 0.08 (-0.13 to 0.29) 0.04 (-0.36 to 0.43) 







Supplemental Table 9c. Multivariable analysis assessing the association between neighborhood social cohesion and herpesvirus IgG antibody 
levels stratified by psychosocial resources at baseline for cohort 1 and cohort 2 combined (weighted)  — DNHS Detroit, Michigan 2008–2009   
Demographic 
CMV Estimate (95% CI) 
High PSR 
CMV Estimate (95% CI) 
Low PSR 
HSV-1 Estimate (95% CI) 
High PSR 
HSV-1 Estimate (95% CI) 
Low PSR 
Intercept  2.61 (1.41 to 3.80) 3.21 (-0.34 to 6.76) 3.34 (1.73 to 4.96) 3.99 (-0.92 to 8.90) 
Neighborhood Social Cohesion      
      Low  0.11 (-0.44 to 0.66) 1.68 (-0.28 to 3.63) 0.57 (-0.16 to 1.31) 0.53 (-2.12 to 3.18) 
      Medium 0.06 (-0.50 to 0.61) 2.28 (0.32 to 4.24) 0.01 (-0.72 to 0.74) -1.48 (-4.42 to 1.45) 
      High  Ref Ref Ref Ref 
Sex     
      Female 0.80 (0.32 to 1.27) -0.08 (-1.42 to 1.27) -0.10 (-0.73 to 0.53) -0.45 (-2.33 to 1.44) 
      Male  Ref Ref Ref Ref 
Race/ethnicity      
      Non-white Ref Ref Ref Ref 
      White  -0.59 (-1.41 to 0.23) -0.68 (-2.62 to 1.26) -0.19 (-1.30 to 0.91) -1.32 (-4.06 to 1.42) 
Homeownership     
      Non-homeowner 0.11 (-0.39 to 0.61) 0.08 (-1.57 to 1.73) -0.36 (-1.05 to 0.32) 1.29 (-1.16 to 3.74) 
      Homeowner Ref Ref Ref Ref 
Physical health status      
      Fair/ poor  0.09 (-0.41 to 0.59) 2.14 (0.55 to 3.72) 0.01 (-0.69 to 0.69) -1.73 (-4.09 to 0.63) 
      Excellent/ very good/ good  Ref Ref Ref Ref 
Age category      
      <34  Ref Ref Ref Ref 
      35-44 0.52 (-0.29 to 1.34) 3.02 (0.60 to 5.45) 1.07 (0.02 to 2.12) 0.18 (-3.40 to 3.75) 
      45-64 0.10 (0.26 to 1.74) 2.10 (-0.04 to 4.25) 1.71 (0.75 to 2.67) 1.69 (-1.57 to 4.94) 
      65+ 1.35 (0.42 to 2.28) 1.11 (-1.34 to 3.57) 1.85 (0.58 to 3.12) 3.42 (-0.16 to 7.01) 
Employment status      
      Not in the labor force  0.12 (-0.49 to 0.73) -0.36 (-2.22 to 1.50) -0.22 (-1.04 to 0.60) 0.38 (-2.19 to 2.95) 
      Unemployed -0.03 (-0.70 to 0.64) -0.81 (-2.94 to 1.31) 0.44 (-0.43 to 1.31) -0.33 (-3.35 to 2.69) 
      Employed  Ref Ref Ref Ref 
Education      
      <High school  -0.09 (-0.98 to 0.79) 1.13 (-1.18 to 3.43) 1.50 (0.29 to 2.70) 2.55 (-0.68 to 5.78) 
      High school graduate/ GED 0.01 (-0.72 to 0.72) -0.48 (-2.59 to 1.63) 1.07 (0.13 to 2.02) 1.67 (-1.29 to 4.62) 
      Some college  0.19 (-0.48 to 0.85) 0.31 (-1.72 to 2.34) 0.52 (-0.36 to 1.39) 1.80 (-1.01 to 4.61) 
      College/ Graduate Degree Ref Ref Ref Ref 
Marital status     
      Previously married  0.36 (-0.24 to 0.95) 0.16 (-1.45 to 1.76) -0.26 (-1.08 to 0.55) -1.30 (-3.52 to 0.92) 
      Never married  0.54 (-0.13 to 1.20) -0.24 (-2.08 to 1.60) -0.68 (-1.57 to 0.21) -0.83 (-3.32 to 1.65) 
      Married  Ref Ref Ref Ref 
Income      
      <$25,000       0.44 (-0.28 to 1.15) -2.89 (-5.06 to -0.72) -0.10 (-1.05 to 0.85) -1.69 (-4.74 to 1.36) 
      $25,000–$49,999 0.51 (-0.17 to 1.19) -1.23 (-3.52 to 1.05) 0.24 (-0.65 to 1.13) -1.74 (-4.77 to 1.30) 







Supplemental Table 9d. Multivariable analysis assessing the association between neighborhood social cohesion and inflammation levels 
stratified by psychosocial resources at baseline for cohort 1 and cohort 2 combined (weighted)  — DNHS Detroit, Michigan 2008–2009   
Demographic 
Log CRP Estimate (95% CI) 
High PSR 
Log CRP Estimate (95% CI) 
Low PSR 
Log IL-6 Estimate (95% CI) 
High PSR 
Log IL-6 Estimate (95% CI) 
Low PSR 
Intercept  -1.05 (-1.74 to -0.36) -0.04 (-2.16 to 2.08) 0.20 (-0.13 to 0.53) -0.02 (-1.01 to 0.97) 
Neighborhood Social Cohesion      
      Low  -0.79 (-1.13 to -0.45) 0.21 (-0.85 to 1.27) -0.05 (-0.21 to 0.11) 0.17 (-0.33 to 0.67) 
      Medium -0.40 (-0.73 to -0.06) -0.32 (-1.52 to 0.87) 0.02 (-0.14 to 0.18) -0.06 (-0.62 to 0.51) 
      High  Ref Ref Ref Ref 
Sex     
      Female 0.54 (0.25 to 0.83) 0.54 (-0.26 to 1.33) 0.13 (-0.01 to 0.27) 0.21 (-0.18 to 0.60) 
      Male  Ref Ref Ref Ref 
Race/ethnicity      
      Non-white Ref Ref Ref Ref 
      White  -0.16 (-0.63 to 0.32) -0.49 (-1.64 to 0.66) 0.06 (-0.17 to 0.28) -0.33 (-0.85 to 0.20) 
Homeownership     
      Non-homeowner 0.09 (-0.23 to 0.40) 0.78 (-0.23 to 1.79) 0.06 (-0.08 to 0.21) -0.12 (-0.60 to 0.36) 
      Homeowner Ref Ref Ref Ref 
Physical health status      
      Fair/ poor  0.57 (0.26 to 0.89) 0.54 (-0.35 to 1.44) 0.20 (0.06 to 0.35) 0.24 (-0.20 to 0.68) 
      Excellent/ very good/ good  Ref Ref Ref Ref 
Age category      
      <34  Ref Ref Ref Ref 
      35-44 0.84 (0.36 to 1.33) -0.05 (-1.57 to 1.48) 0.38 (0.15 to 0.61) 0.29 (-0.46 to 1.03) 
      45-64 0.95 (0.51 to 1.39) 0.55 (-0.83 to 1.93) 0.57 (0.36 to 0.77) 0.76 (0.11 to 1.41)  
      65+ 0.92 (0.34 to 1.50) -0.84 (-2.38 to 0.71) 0.67 (0.39 to 0.94) 0.41 (-0.31 to 1.13) 
Employment status      
      Not in the labor force  -0.01 (-0.38 to 0.38) -0.18 (-1.21 to 0.86) 0.14 (-0.04 to 0.32) 0.35 (-0.15 to 0.84) 
      Unemployed 0.19 (-0.21 to 0.59) 0.68 (-0.53 to 1.90) 0.07 (-0.12 to 0.26) 0.59 (0.01 to 1.17) 
      Employed  Ref Ref Ref Ref 
Education      
      <High school  0.53 (-0.02 to 1.10) -0.14 (-1.43 to 1.15) 0.16 (-0.10 to 0.41) -0.01 (-0.62 to 0.61) 
      High school graduate/ GED 0.44 (-0.01 to 0.87) -0.38 (-1.57 to 0.82) 0.20 (0.01 to 0.41) -0.17 (-0.73 to 0.40) 
      Some college  0.57 (0.17 to 0.97) -0.28 (-1.42 to 0.86) 0.20 (0.01 to 0.38) -0.03 (-0.57 to 0.51) 
      College/ Graduate Degree Ref Ref Ref Ref 
Marital status     
      Previously married  -0.01 (-0.38 to 0.36) -0.49 (-1.43 to 0.46) 0.01 (-0.17 to 0.18) -0.17 (-0.62 to 0.29) 
      Never married  0.17 (-0.24 to 0.58) -0.91 (-1.94 to 0.12) 0.08 (-0.12 to 0.27) -0.09 (-0.58 to 0.40) 
      Married  Ref Ref Ref Ref 
Income      
      <$25,000 -0.02 (-0.46 to 0.41) -0.31 (-1.59 to 0.98) -0.03 (-0.23 to 0.18) -0.20 (-0.81 to 0.42) 
      $25,000–$49,999 0.30 (-0.11 to 0.71) 0.82 (-0.47 to 2.11)  0.07 (-0.12 to 0.26) 0.12 (-0.49 to 0.74) 








Supplemental Figure 3. Conceptual framework of psychosocial pathways impacting health outcome 
















CHAPTER 6: DISCUSSION 
This dissertation sought to increase the understanding of the social environment by 
exploring the distribution of immunological biomarkers in adult living in 54 neighborhoods in 
Detroit, MI. We examined this relationship in the context of the Great Recession, due to its 
widespread economic impact on both neighborhoods and health. Potential modifiers of the 
association between social cohesion and immunological biomarker levels were also examined. 
Our study findings contributed to the growing knowledge on social cohesion and immunological 
biomarkers through three analyses. We hypothesized that (1) low levels of neighborhood social 
cohesion would be associated with worse immunological biomarker levels (elevated levels of 
inflammation and IgG antibodies against herpesviruses); (2) there would be differential one-year 
changes in immunological biomarker levels by neighborhood social cohesion; and (3) less 
exposure to traumatic events or more access to psychosocial resources would attenuate the 
association between social cohesion and immunological biomarkers. We hope that the results 
from this dissertation will be used to help identify potential biological pathways linking the 
neighborhood social environment to health.  
In this dissertation, neighborhood social cohesion had an impact on both cell-mediated 
immunity and inflammation. However, the associations were inconsistent in their directionality. 
An inverse relationship was observed between social cohesion and seropositive IgG antibody 
levels against HSV-1 and CMV (lifelong persistent herpesvirus infections that are maintained in 
latency by the immune system), which served as surrogate markers of the cell-mediated 




cohesion would be associated with suppressed cell-mediated immunity unable to maintain the 
herpesvirus in latency. Such results provide evidence to suggest that the lack of social 
embeddedness or cohesion may elevate risk of adverse health outcomes, whereas high social 
cohesion may ameliorate stressor or improve health through positive integration and inclusion 
into one’s community.  
In contrast, a positive association was observed between neighborhood social cohesion 
and CRP inflammation levels, which did not coincide with our hypothesis that lower levels of 
social cohesion would be associated with elevated inflammation. However, our findings 
correlated with the theory of blunted inflammation response (i.e. physiological desensitization) 
to chronic stress exposure, particularly in disadvantaged neighborhoods.47,87,222-225 Chronic stress 
has been theorized to activate a persistent physiological response with a constant high demand on 
the body, causing wear down on the natural stress defense system, desensitization, or blunted 
response.47 In this dissertation, lower CRP levels (i.e. lower inflammation) was associated with 
less social cohesion, indicating a possible blunted response due to chronic stress exposure in low 
socially cohesive neighborhoods. We also hypothesized that acute exposure to low social 
cohesion may result in increased CRP levels, whereas chronic exposure may be associated with 
lower CRP levels because of physiological long-term adjustment to living in a high-stress 
environment. However, confirming this hypothesis was beyond the scope of this dissertation. We 
contend that future research focused on differentiating between chronic and acute exposures to 
neighborhood stressors and their effects on inflammation overtime would be informative and 
valuable to the field.47  
In sum, the results from the first analysis suggest that neighborhood social cohesion may 




direction of the biological links make solid conclusions difficult. Although the selection of our 
immunological biomarkers was based on the hypothesis that social cohesion is biologically 
embed into the body via the psychosocial stress pathway, we have no compelling physiologic 
reason to explain why cell-mediated immunity and pro-inflammatory makers related to social 
cohesion differently. Since each biomarker may differ in its immunological function, it is 
possible that cell-mediated immunity may be more responsive to psychosocial stressors 
compared to broad-acting pro-inflammatory makers, or that each biomarker is impacted by social 
cohesion through different or intertwined pathways not currently known.176 Other possibilities 
that may explain the inconsistent associations between social cohesion and the four biomarkers 
are intra- and inter-individual variabilities not considered in this analysis (e.g. health behaviors, 
diet, and genetic factors),226 or immune complexities not fully understood.47 Factors such as 
mobility to other neighborhoods, time spent in their neighborhood, cumulative exposure to 
stressors, and interpersonal factors (mental health status, personality, and coping strategies) may 
also be related to the immunological biomarkers and contribute to the differential levels seen in 
our study.47  
For the second analysis, we explored changes in the immunological biomarker levels 
over a one-year time period during the Great Recession. Significant associations between social 
cohesion and changes in biomarker levels were present. The greatest rise in the immunological 
biomarker levels (an indicator of reduced immune function or higher inflammation) over the 
one-year period was observed among individuals living in medium socially cohesive 
neighborhoods. This evidence reveals that changes in biomarker levels linked to social cohesion 
were particularly strongest in neighborhoods characterized by medium social cohesion during the 




susceptible to rising biomarker levels. The blunted response hypothesis may explain this 
curvilinear relationship between social cohesion and immunological biomarkers, such that less 
change in biomarker levels was observed among those living in low socially cohesive 
neighborhoods. Alternatively, this may also be explained by already high levels of biomarkers at 
baseline found in low socially cohesive neighborhoods. In high social cohesion neighborhoods, 
no change in biomarker levels could be attributed to health benefits often conveyed in socially 
integrated and inclusive neighborhoods.33,34,38,93,96,98 However, neither of these hypotheses were 
not addressed in this dissertation.92,187 Given our results, we believe that efforts made to reduce 
recession-related foreclosure and urban blight should also consider the health of individuals most 
vulnerable to the effects of the Great Recession.  
Using the frameworks of the Transactional Model of Stress and Coping and the 
Biopsychosocial Model, which proposes mechanisms describing how neighborhood stress is 
perceived and processed to affect health,47,227,228 we investigated the potential modifying effects 
of access to psychosocial resources (i.e. coping, social support) on the relationship between 
neighborhood social cohesion and immunological biomarker levels. We found that individuals 
who reported high access to psychosocial resources while living in low socially cohesive 
neighborhoods had diminished CRP inflammation levels. This implied that access to 
psychosocial resources had a protective role or served as a potential buffer in this relationship. 
Prior research found that having access to resources when exposed to stress may influence the 
neuroendocrine response to stressful stimuli and reduce physical or psychological reactivity in 
response to the stressor.47,229-232 Since disadvantaged neighborhoods are often afflicted with  
overburdened resources and lack social support,47,233-235 programs and policies aimed at 




adequate coping skills to foster resiliency, especially in low socially cohesive neighborhoods. 
This may help reduce the risk of developing detrimental immunological changes with long-term 
health consequences impacting overall health outcomes.47  
Additionally, we found that less exposure to traumatic events was beneficial to 
individuals living in low socially cohesive neighborhoods by decreasing inflammation levels. 
Prior studies found that living in less cohesive neighborhoods and experiencing traumatic events 
were independent determinants of increased inflammation,46,109,152 possibly operating through the 
substance use or health behavior pathway (e.g. increased alcohol use or cigarette 
smoking).104,105,236 Because substance use may act as an avoidant coping strategy to relieve or 
escape stress by reducing its effects on the HPA axis,47,237 it is possible that such adverse health 
behavior is on the mediating pathway between neighborhood social environment and 
immunological biomarker levels.47,237,238 Further exploration of such mediating factors may help 
elucidate additional targets for intervention to improve health.  
Overall, this dissertation points to the importance of the social environment in 
immunological outcomes in adults, but behavioral mediators should also be explored as potential 
drivers in this association. Investigating mediating pathways may provide a greater to understand 
how neighborhoods shape health and build upon our findings by (1) identifying underlying 
health behaviors that link neighborhood to immune outcomes and (2) developing efficacious 
prevention or targeted strategies to reduce immune-related disparities by neighborhoods. 
Ultimately, the results of this dissertation reveal that specific biomarkers can be used to elucidate 
potential biological mechanisms to explain how the neighborhood social environment can enter 
the body and impact health. Living in poor social environments may perpetuate neighborhood-




contend that consideration of both external characteristics of the environments in which people 
live (physical, social, or cultural aspects) and individual characteristics are essential for 
effectively targeting risk factors to reduce health disparities in neighborhoods. Finally, this 
research identified potential modifiable factors that can be used to inform future interventions in 
less cohesive neighborhoods to improve immune-related health outcomes, such as social policies 
aimed at improving access to psychosocial resources or decreasing exposure to trauma. We hope 
that through continued investigation of immunological biomarkers and neighborhood factors, 
researchers will gain a better understanding of underlying markers of disease and modifiable 
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